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SCREENING SITE INSPECTION REPORT, PART 1

MOBILE WASTE CONTROLS

TXD 988051652

HOUSTON, TEXAS

INTRODUCTION

Engineering-Science, Inc. (ES) has been contracted by the Texas Water
Commission (TWC) to conduct a screening site inspection (SSI) at the Mobile
Waste Controls site (EPA identification number TXD 988051652). This site is
located on approximately 25 acres at 10000 Minnesota Road in southeast Houston,
Harris County, Texas.(ref- *> Figure 1 is a site location map. This report was
prepared to describe the site reconnaissance and sampling activities which are
recommended to be performed at the site. Figure 2 is a site sketch.

This document is part 1 of a two-part report detailing SSI activities at the
Mobile Waste Controls site. This report details site background information and
field activities. Field activities, conducted October 12 through 15, 1992, included
site reconnaissance, record searches, and sample collection (SSI site visit). The site
visit was conducted by Brian Vanderglas, Dan Kelmar, and Kelly Krenz of ES.
Photographs taken during the site visit are in appendix A. Figure 3 depicts photo-
graph locations and directions. Analytical results from the samples collected at the
site during the SSI and conclusions based on those results are presented in part 2 of
this report.

The information gathered for this SSI was obtained from several sources:
TWC, Texas Department of Health (TDH), and City of Houston files, as well as
numerous agencies and publications. A complete list is in the reference section.

SITE OBJECTIVES WITH RESPECT TO THE PREREMEDIAL
PROCESS

The preremedial stage of the Superfund process involves an expanded prelimi-
nary assessment (PA) and a site inspection (SI) stage consisting of an SSI and, if
necessary, a listing site inspection (LSI). The activities described in this report fulfill
the requirements for a focused SSI.

The goal of this SSI was to build on data gathered during the PA by assembling
additional background data and collecting environmental samples which further
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characterize conditions at the site. Sampling conducted during the SSI was designed
to identify the types of contaminants present, if any; to assess whether a release of
hazardous substances has occurred; to look for evidence of actual human and
environmental exposure to contaminants; and to determine whether a site will move
forward to an LSI or be designated as "no further remedial action planned."

PROJECT CONTACTS

EPA Lonnie Ross
Environmental Protection Specialist
U.S. Environmental Protection Agency, Region VI
Superfund Site Assessment Section
1445 Ross Avenue, Suite 1200
Dallas, Texas 75202-2733
(214) 655-6740

TWC: AJlanSeils
Site Assessment Coordinator
Texas Water Commission
Emergency Response and Assessment Section
P.O. Box 13087, Capitol Station
Austin, TX 78711-3087
(512) 908-2514

ES: Brian Vanderglas, Project Manager
Engineering-Science
7800 Shoal Creek Blvd., Ste. 222W
Austin, TX 78757
(512) 467-6200

SITE CONTACT

Debbie Gomez, Environmental Specialist
Brown and Caldwell
7535 East Hampton Avenue, Suite 403
Denver, CO 80231
(303) 750-3983

SITE BACKGROUND AND DESCRIPTION

The inactive Mobile Waste Controls site is located at 10000 Minnesota Road in
Houston, Harris County, Texas, half a mile west of the intersection of Almeda-
Genoa Road and IH 45.(ref- *) The geographic coordinates of the site are approxi-
mately 29°37'19" north and 95°13'59" west.(ref- »> As depicted in Figure 2, the site
(area A) is a maintained grass field transected by Windmill Lakes Boulevard, with a
fenced boat storage area along the western edge of the site/1*1- 2) The site is
bordered on the north and south by apartment complexes (Windmill Landing
Apartments); to the west by Lake Westwind, which serves as a local recreational
area; and to the east by a vacant lot and horse stable/ref-3)

-5-
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According to Harris County tax records, the FDIC owns approximately
121.9 acres surrounding and including the site.(ret 4) The property is managed by
Ameresco Management, Inc.(ref- 4> During the late 1960s, the area was an active
sand quarry.(ref- *) Five deep pits were excavated at the site: two large
(1,000-foot-diameter) and three small (300-foot-diameter). Precipitation, surface
water runoff, and groundwater accumulation caused both large pits and two of the
small pits to become four small lakes.(ref-l) The fifth pit was used as a landfill and is
the subject of this investigation.

From 1969 through 1981, the property was owned by Realty Reclamation, Inc.
and operated as an industrial and commercial landfill by Wallace Waste Control
Company, Metropolitan Waste Conversion, National Disposal Contractors, and
Mobile Waste Controls, Inc.̂ -1)

By 1972, one of the small, unlined pits (Figure 2, area A) was two-thirds filled
with industrial and commercial wastes.Cref- *) City of Houston representatives docu-
mented receipt at the site of industrial chemicals and municipal and putrescible
wastes, as well as several fires and odor problems.(ref-J) An unknown quantity of
industrial chemicals were disposed of in this pit for at least 5 years, ending in
1974.(ref-x) In addition, wood, paper, plastics, rubber, metal, neoprene, Styrofoam,
urethane, PVC pellets, plastic resins, asbestos, oil-contaminated filter cake, asphalt,
and municipal garbage have been disposed of in the landfill.(ret l> The total volume
and precise composition of the waste disposed of at the site is not known. A final
clay cap was placed over the landfill.Crefc *) No information was found indicating the
type or time of cap construction.

In 1982, Levering & Reid created Windmill Lakes subdivision and constructed
three apartment complexes bordering the lakes. As part of the construction, a land-
fill investigation including the installation of wells was conducted. The PA,
conducted on December 19,1991, specified air, groundwater, surface water, and soil
exposure as pathways of concern.

The thickness of the final cover of the capped disposal area (area A, Figure 2)
varies from less than 6 inches over the large, central portions of the area to over
6 feet in areas along the north side of the closed landfill.<ref- *> Exposed waste
materials were observed in numerous bare soil areas, apparently where the landfill
cap is thin (appendix A, photos 3 through 8,13, and 15).

Windmill Lakes Boulevard was constructed across the landfill site during
construction of the Windmill Lakes subdivision.^-*) The landfill cap was disturbed
by surveying and construction, resulting in exposure of waste material, which was
subsequently covered with additional soil.(ref- *)

The landfill cover is kept saturated in low-lying areas along Windmill Lakes
Boulevard by what appears to be an in-ground sprinkler system.Crcf- 2> Standing water
and marshlike vegetation were apparent in low areas adjacent to the boulevard
(appendix A, photo 16). Surface water drainage pathways across the landfill area
appear poorly developed, although a noticeable surface drainage pathway extends to
the west, toward Lake Westwind, north and west of the boat storage area (appendix
A, photo 2).

-6-
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A small drainage ditch constructed of earthen materials and well vegetated is
also present on the east side of the landfill area (area A) along Minnesota Road
(appendix A, photo 17).

The lakes surrounding the site were identified as spring-fed/"* 3) although Bass
Lake is apparently artificially recharged, potentially with water pumped from the
on-site irrigation wells (appendix A, photo 19). A concrete boat launch was
constructed on Lake Westwind, and storm water runoff appears to enter the lake at
that point (appendix A, photos 23 and 24). Swimming or diving in these lakes is
prohibited/1*-2)

The area in the vicinity of the site is residential/1*1-2) Apartment complexes and
four lakes surround the site. Single-family dwellings are constructed beyond the
perimeter of the lakes. The Beverly Hills Park is located south of Windmill Lake.
A chain-link fence constructed along the southern boundary of Windmill Lake is
breached (appendix A, photo 9). Access can be obtained to Windmill Lake from
the Beverly Hills Park.

WASTE CONTAINMENT/HAZARDOUS SUBSTANCE
IDENTIFICATION

According to the characterization of the site completed during the PA, the
primary contaminants of concern are benzene, toluene, ethyl benzene, 2-nitro-
propane, chlorobenzene, cyclohexane, xylene, aniline, naphthalene,
1,4-dichlorobenzene, l.l'-diphenylhydrazine, N-nitrosodiphenyl amine, 2-methyl
phenol, 2,4-dimethyl phenol, 2-3 dimethyl phenol, diethyl phthalate, styrene, and
metals/1*-J) In addition, wood, paper, plastics, rubber, metal, neoprene, Styrofoam,
urethane, PVC pellets, plastic resin, asbestos, oil-contaminated filter cake, asphalt,
and municipal garbage were disposed of at the site and can be considered contami-
nants of concern/1* J)

To address the chemicals of concern, EPA-stipulated Contract Laboratory
Program (CLP) analytical methods were requested on all pathway samples collected
during this SSI. A formal list of these analytical methods is specified under the CLP
routine analytical services (RAS) contract. The CLP methods cover a wide range of
analytes, including priority pollutant volatile and semivolatile organic compounds,
metals, pesticides, and PCBs.

The only known potential source of contamination at this site is the disposed
waste described above/1*- *> Potential means of migration include the leachate
produced within the closed landfill (disposal pit), light hydrocarbon gases (methane)
produced by organic waste decomposition, and volatile constituents migrating
through the vadose soil zone and into the atmosphere/1*- *> Numerous investiga-
tions have shown that in nonarid regions, infiltration of water through buried refuse
can cause water table mounding within or below a landfill/1*- ^ Water table
mounding causes leachate to flow downward and outward from the landfill. Down-
ward flow of leachate may threaten groundwater resources. Outward flow normally
causes leachate springs at the periphery of the landfill or into surface water
bodies/"*7)

-7 -
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The in-place thickness of the disposed materials varies from 1 to 16 feet, with
the deepest portion of the excavation near the southwest corner/'*-1) The thickness
of the final cover varies from less than 6 inches over large, central portions of the
area to over 6 feet in areas along the north side of the closed landfilK**- *> During
construction of the Windmill Lakes Subdivision, Windmill Lakes Boulevard was
constructed over the landfill site/1*-1) The landfill cap was disturbed by surveying
and construction, exposing waste material which was subsequently covered/1* *)

As mentioned, a potential problem is light hydrocarbon (methane) gas emis-
sions generated from organic wastes deposited in the landfill. The thin cover over
large portions of the fill, coupled with poor compaction of the waste materials
within, will tend to promote gas migration through the surface of the landfill and
into the atmosphere/1*-J) Since methane is flammable at concentrations of 5 to
15 percent (volume) in air, escape of the gas from the landfill could present a
potential fire risk especially if allowed to collect under structures/1*- *) During the
site visit, several areas of thin landfill cover, especially in the vicinity of monitoring
well number 10, exhibited what appeared to be organic odors similar to mercaptans
added to natural gas (appendix A, site photos 32 and 33)/1*-2)

Resource Engineering, Inc. (KEX) (hired by Levering & Reid) and the City of
Houston Public Health Department conducted joint groundwater sampling at the
site in 1982 and 1983/ref-J) Groundwater sample results indicated elevated concen-
trations of total suspended solids (TSS), and total organic carbon (TOC), high
chemical oxygen demand (COD), and the presence of benzene, toluene, and several
complex organic compounds in the monitoring wells sampled/1*-*) Concentrations
of contaminants and indicator parameters reported during the well sampling
program are summarized as follows:

• TSS ranged from 420-17,770 mg/L.

• COD ranged from 0-2,400 mg/L.

• TOC ranged from 64-313 mg/L.

The concentration ranges for identified contaminants of concern found in analy-
ses of the landfill leachate (well 6) and surrounding groundwater (wells 1, 2, and 5)
were: (Complete tables of the analytical results are in appendix D)

• Benzene (0.01-

• Toluene (0.05-96.

• Ethylbenzene (0.08-175.41 Mg/L)

• 2-Nitropropane (0.19 Mg/L)

• Chlorobenzene (3.53 Mg/L)

• Cyclohexane (2.12-287.16 MgA)

• Xylene (930-1,853.40 Mg/L)

• Aniline (4,285.2 Mg/L)

• Napthalene (0.10-24.10 Mg/L)

- 8 -
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• 1,4-Dichlorobenzene (7.10 Mg/L)

• 1,1' -Diphenylhydrazine (943.9 Mg/L)

• N-nitrosodiphenyl amine (1.00-126.6 Mg/L)

• 2-Methyl phenol (191.00 Mg/L)

• 2,4-Dimethyl phenol (9.20 Mg/L)

• 2,3-Dimethyl phenol (2.70 Mg/L)

• Diethyl phthalate (1.20-14.20 Mg/L)

• Styrene (831.8 Mg/L).

In 1983 detectable levels of extractable priority pollutants were present in the
leachate samples collected from the landfill; however, the leachate was not deter-
mined to be hazardous according to Resource Conservation and Recovery Act
(RCRA) standards/1*-J) Ten aliphatic hydrocarbons (oil constituents and/or stable
organic decomposition products), fourteen fatty acids; and eleven RCRA-listed
organic compounds (toluene, xylene, aniline, naphthalene, 1,4-dichlorobenzene,
l,l'-diphenylhydrazine, N-nitrosodiphenyl amine, 2-methyl phenol, 2,4-dimethyl
phenol, 2,3-dimethyl phenol, and diethyl phthalate) were also detected in the
leachate/1*-1)

Six leachate samples were obtained from monitoring well 6, near the center of
the landfill, from September through December 1982/1*-x) The maximum concen-
trations representing measured leachate characteristics were:

TDS 14,177 mg/L
Sulfate (SO4) 790 mg/L
Manganese (Mn) 8.80 mg/L
Iron(Fe) 313 mg/L
Sodium (Na) 2,772 mg/L
Chloride (Cl) 4,140 mg/L
TOC 3,976 mg/L

The City of Houston, the TWC District 7 office, and the FDIC, through
Ameresco Management, participated in a joint groundwater, surface water, and lake
sediment sampling program during December 1991 and February 1992/ref 4) Exist-
ing monitoring wells were sampled on December 11,1991. Sediment, soil, and lake
samples were collected on February 20, 1992. The sample locations are indicated
on Figure 4/wt J) The results of the analytical program are summarized in
appendix D, tables 1 through 9, covering metal and water quality data and detected
organic compounds.

Acetone was detected during the QA/QC analysis for the December 11, 1991,
sampling program. The presence of acetone in the sample could have resulted from
acetone contamination of laboratory instruments and/or the laboratory sample
containers/1*-5) Additional sample data developed during this SSI may be used to
determine if the presence of acetone is a laboratory artifact.

-9-
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Required Information (Data Gaps)

No CLP data exist which characterizes the waste constituents in the disposal pit.
Collection of subsurface soil samples or landfill (source) samples was beyond the
scope of this investigation.

GROUNDWATER PATHWAY

Characteristics

The Houston area is situated on the Quaternary Coastal Plain of Texas/1*-8)
Specifically, the site is underlain by the Pleistocene-age Beaumont Formation/1*9)
The Beaumont Formation beneath the site is described as barrier island and beach
deposits consisting of mostly clay, silt, and sand. The mapped geologic unit is mainly
stream or river channel, point bar, natural levee, and backswamp deposits and, to a
lesser extent, coastal marsh and mud flat deposits with concentrations of calcium
carbonate, iron oxide, and iron manganese oxide nodules in zones of weathering/**-
8) The soils beneath the site have been mapped as relict fluvial and deltaic deposits,
sand units, locally clayey, easily excavated, with low to moderate erosion potential,
low shrink-swell potential, high bearing strength, moderate permeability, and low to
moderate moisture retention at the surface/1*-9)

The site is underlain by the Chicot aquifer, which is the youngest aquifer of the
Coastal Plain of Texas as indicated by the stratigraphic cross-section C-C'/ref-10)
The Chicot aquifer is composed of the Willis Sand, Bentley and Montgomery
Formations, Beaumont Clay, and any overlying Holocene alluvium. In the vicinity
of the site, the Chicot aquifer reaches an average thickness of approximately
600 feet/1* 10) Wells in the vicinity of the site are screened in saturated intervals
ranging from 98 to 1,000 feet below surface. Water levels in these wells range from
depths of 8.5 to 260 feet below ground surface/1*-*)

The local stratigraphy and depth to groundwater were determined during site
evaluation activities performed at the site by REI during 1982 and 1983/ref- »• Atch-V
Six. soil borings were logged and completed as monitoring wells during this investiga-
tion. The general subsurface stratigraphy beneath the site is alternating layers of
clay and sand/1*J) Generally, the uppermost interval, ranging from 7 to 9 feet in
thickness, is described as a sandy clay. Beneath this interval is a clayey sand to silty
sand unit ranging from 4 to 20 feet in thickness. The stiff, reddish-brown clay inter-
val beneath the sand interval ranges from 10 to 12 feet thick, and the sand unit
beneath the reddish-brown clay interval ranges from 2 to 10 feet thick/ref- *• Atch- ̂
All monitoring wells constructed at the site by REI were screened across this
uppermost saturated interval approximately 8 to 25 feet below ground surface/1*- a>
Table 1 summarizes monitoring wells construction details/1*a)

The monitoring well water levels in the sandy stratigraphic interval screened in
wells 2,3, and 5 correlated with the water levels recorded from Lake Westwind/1* ̂
In addition, a shallow groundwater mounding effect was reported beneath the
covered landfill area, potentially contributing to contaminant migration from the
landfill to the west and southwest/1*x) According to a resistivity survey completed
by REI, the depth of the landfill excavation averages 13 feet and attains a maximum

-11-
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Tablet Mobile Waste Controls
Summary of Well Construction Details for Monitoring WeDsC1*- *)

WeB
n>

MW-l

MW-2

MW-3 .

MW-4

MW-5

MW-6

Boring
Depth
(feet)

20

25

29

23

17

16

Well
Material

PVC

PVC

PVC

PVC

PVC

PVC

Screened
Interval
(feet)

5-15

8-18

6-24

8-20

123-17

6-16

Screen
Length
(feet)

10

10

18

12

45

10

Well
Diameter
(inches)

4

4

4

4

4

2

* As-built well diagram (reference 1, attachment 7) indicates weH diameter is 4 inches,
although diagram scale used resembles 2-inch-diameter well

E5\AIB3211\TABLES -12-



depth of 16 feet in the southwest corner of the excavation/1*-l) Shallow ground-
water, occurring from 8 to 15 feet below surface in the area of the pit excavation
(based on monitoring well depths), could therefore come in contact with and poten-
tially be contaminated by the buried waste materials/1*J)

The municipal or domestic wells located nearest to the site are screened at
intervals of 85 to 105 feet below ground surface/1*J) These wells were installed for
domestic or irrigation water use. (** *) Average groundwater yield for the water
wells near the site in the saturated interval from 85 to 105 feet below surface is
approximately 30 gpm (Table 2). The general groundwater flow direction in the
vicinity of the site mimics geologic dip and is toward the southeast/1*10) The satu-
rated intervals encountered while drilling in the vicinity of the site are all considered
part of Chicot aquifer/1*10) According to available driller's logs, wells are screened
at three primary depths in the Chicot aquifer, 8 to 25 feet (monitoring wells), 88 to
103 feet, and 440 to 470 feet below surface. Groundwater quality data for the shal-
low saturated interval in the vicinity of the site are reported above. Static water
levels recorded on water well drilling records for the domestic wells located on East
Haven and Lambright roads were reported to be 27 feet below surface/1*-*) These
two wells were drilled and completed in what is apparently an equivalent thick sand
deposit that was mined at the site. The excavated sand pits are now water filled and
used for recreational purposes/1*-a) The water well drilling records identify sand
and clay depths and thicknesses encountered while drilling. Both wells averaged a
sand percentage ranging from 75 to 85 percent.

Results of subsurface soil testing conducted prior to the construction of the
Windmill Lakes Subdivision and Windmill Lakes Boulevard indicate that the
uppermost sandy clay (occurring at approximately 8 feet below ground surface) is a
low-plasticity clay with liquid limits of approximately 28 percent and a plasticity
index (PI) of approximately 16 percent. The percentage of soil particles passing the
number 200 sieve was approximately 60 percent. The clayey to silty sand interval
beneath the uppermost sandy clay consists of approximately 93 to 70 percent soil
grains that do not pass through a number 200 sieve. This interval was saturated
during soil boring activities; depth to water ranged from 5.5 to 12.5 feet below
surface. The clayey to silty sand interval exhibited a laboratory vertical permeability
in the range of IxlO-5 centimeters per second (cm/sec)!1*a)

The clay interval beneath the clayey to silty sand unit occurs at approximately
25 feet below ground surface. This clay exhibited liquid limits which ranged from
60 to 85 percent, plasticity indices ranging from 39 to 57 percent, and 96 percent of
the clay samples analyzed not passing the number 200 sieve. The clay samples
tested exhibited a laboratory vertical permeability in the range of IxlO-9 to
7xlO~8 cm/sec/1*1)

The potential for releases of contaminants to the groundwater pathway was
assessed by collecting eight samples. Four monitoring wells (MWs) and three
nearby domestic drinking water wells were sampled during the site investigation.
The groundwater sample locations are shown on Figure 5. The four monitoring
wells are located in the immediate vicinity of the disposal pit (area A) and are
designated MW-1, MW-2, MW-8 and MW-10 (sample numbers GW-8, GW-5,

-13-
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Table 2. Mobile Waste Controls, Water Wells within 1 Mile

Well ID and
Location

65-31-1C
10121 Windmill Lakes Blvd.
Houston, TX

65-22-6
10121 Windmill Lakes Blvd.
Houston, TX

65-31-1E
10039 Radio Road
Houston, TX

65-31-1E
10035 Radio Road
Houston, TX

• 65-31-1B
£ 9913 Easthaven
• Houston, TX

65-3MC
9421 Lambright
Houston, TX

65-31-1L
11400 Gulf Freeway
Houston, TX

65-31-4C
9905 Radio Road
Houston, TX 77075

65-30-3F
10305 Moers
Houston, TX 77075

65-30-3E
Lambright
Houston, TX

Well Total
Depth
(feet)

470

470

450

103

94

94

90

345

231

98

Screened
Interval
(feet)

440-470

440-470

440-450

93-103

88-94

88-94

88-90

325-345

90-100

90-98

Total
Sand/Gravel
Thickness*

(feet)

208

208

126

61

81

74

26

105

61

58

Total Clay
Thickness

(feet)

262

262

321

40

11

19

64

237

166

37

Static
Water Level

(feet)

200

200

160

10

27

27

12

190

12

6

Chemical
Analysis

No

No

No

No

No

No

No

No

No

No

Flow
Rate

NA

NA

25 gpm jetted

30 gpm jetted

SOOgphdeepwelljet

900 gph deepwell jet

NA

25 gpm jetted

35 gpm jetted

125 gpm blow w/
compressor by drills

Well
Use

Irrigation

Irrigation

Domestic

Domestic

Domestic

Domestic

Domestic

Domestic

Domestic

Domestic

* Does not include fill or topsoil
E5VW332tl\WELLSUM



Table 2, continued

Well ID and
Location

65-30-3E
9917 Radio Road
Houston, TX 77034

65-30-3E
9718 Moers Road
Houston, TX 77037

65-30-3F
Lambert
Houston, TX

65- -3F
Mykowia Road
Houston, TX

65-23-7F
9731 Radio Road
Houston, TX 77034

65-23-7G
11412 Gulf Freeway
Houston, TX

65-22-9R
9924 Radio Road
Houston, TX 77075

65-30-3
9215 Wayfarer
Houston, TX

65-15-4
9825 Radio Road
Houston, TX 77075

Well Total
Depth
(feet)

348

87

348

94

352

350

105

454

340

Screened
Interval
(feet)

347V2-348

80-87

338-348

86-94

325-340

330-350

95-105

444-454

330-340

Total
Sand/Gravel
Thickness*

(feet)

121

52

86

37

113

50

73

81

62

Total Clay
Thickness

(feet)

224

35

259

55

235

295

29

370

275

Static
Water Level

(feet)

190

18

183

18

170

185

29

215

175

Chemical
Analysis

No

No

No

No

No

No

No

No

No

Flow
Rate

75 gpm jetted

NA

60 gpm jetted

35 gpm
air compressor

13 gpm
submersible

NA

15 gpm jetted

75 gpm jetted

30 gpm jetted

Well
Use

Domestic

Domestic

Industrial

Domestic

Domestic

Domestic

Domestic

Domestic

Domestic

* Does not include fill or topsoil
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GW-3
GW-4
GW-5
GW-6
GW-7
GW-8

9416 LAMBRIGHT
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MW-2
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MW-1
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GW-6, and GW-7, respectively). Three monitoring wells (MW-1, MW-2, and
MW-8) are located on the periphery of the disposal pit and provide data for the
uppermost water-bearing zone to assess the potential outward migration of
contaminants from the pit into the shallow groundwater and potentially into the
adjacent lakes. MW-10 was constructed inside the disposal pit and provides data
which can be used to characterize the groundwater directly beneath the disposed
material.

Three domestic water wells were sampled: one at 9416 Lambright Rd (GW-1),
owned by  and screened at 160 feet below surface; one at 9905 Radio
Road (GW-2), owned by  and screened at 360 feet below surface, and
one at 9916 Radio Road (GW-3), owned by  and screened at 115 feet
below surface. GW-9 was collected as a duplicate QA/QC sample from the domes-
tic well at 9416 Lambright Road. All three of these wells were located within
Yz mile to the west of the site. Two domestic water wells which were located within
V^mile of the site were originally scheduled for sampling. However, these wells
were recently abandoned by the owners after connecting to the City of Houston
water supply. No problems were reported with the well water.

Before onsite monitoring wells were sampled, each well was purged as specified
in the work plan. Either three well volumes were purged, or the wells were bailed
dry. The wells were sampled with dedicated Teflon bailers that were
decontaminated prior to use. Purge waters were collected in 55-gallon drums by
representatives of Ameresco Management, Inc., for eventual disposal. Photographs
27, 28, and 29 show the locations of MW-2, MW-8, and MW-1, respectively. The
domestic wells were allowed to run for a minimum of 15 minutes before sampling.
Samples GW-1, GW-3, and GW-9 were collected directly from the well tap. Sample
GW-2 was collected from the tap closest to the well house located outside Mr.
KuykendalTs home. Photographs 38 through 41 show the taps from which the
samples were collected. Samples were collected directly into approved sample
bottles and packed in coolers on ice for next day delivery to the designated CLP
laboratory. The samples were analyzed for CLP volatile and semivolatile organics,
CLP pesticides/PCBs, CLP metals, and cyanide.

Targets

Two hundred seventy-eight private, irrigation, industrial, municipal and moni-
toring wells are located within a 4-mile radius of the site.(ref-x) Sixteen private and
irrigation wells are located within a 1-mile radius of the site. In addition, eight
monitoring wells were installed within the 1-mile radius of the site to monitor local
groundwater quality. Static water level measurements for these wells, including
monitoring wells, ranged from 6 to 215 feet below surface. The wells were com-
pleted within the Chicot aquifer/"* *) A summary of the characteristics of the wells
located within a 1-mile radius of the site is presented as Table 2. One wellhead
protection area is within a 4-mile radius of the site, the City of Houston Sagemont
#2 well located approximately 2 miles southeast/ref- *)

There is no analytical evidence indicating that any drinking water well has been
contaminated by hazardous substances from the site.<rcf- 12> In October 1991, a
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domestic well located at 9917 Radio Road was sampled by the TWC and analyzed
for total organic compounds (TOC) and metals. The TWC reported less than 5 ppm
TOC and no metals in the sample collected.Cref- l) Several drinking water samples
were collected as part of this investigation. The analytical results for these samples
are in part 2 of this report.

For wells within a 4-mile radius of the site:<ref- J>

• Within 0 to 0.25 mile of the site there are two domestic wells, two irrigation
wells, and eight monitoring wells.

• Between 0.25 and 0.50 mile, there are seven private wells.

• Between 0.5 and 1.0 mile, there are seven private wells.

• Between 1.0 and 2.0 miles, there are four municipal supply wells, seventy
private wells, eight industrial wells, and three monitoring wells.

• Between 2.0 and 3.0 miles, there are four municipal supply wells, fifty-nine
private wells, and eleven industrial wells.

• Between 3.0 and 4.0 miles, there are six municipal supply wells, seventy-six
private wells, and thirteen industrial wells.

• There are fourteen municipal supply wells within the 4-mile radius of the

The locations of the domestic wells located within 1 mile of the site are indi-
cated on Figure 6.(ret *> Details of well construction, well use, pumping rates, thick-
nesses of the sand and clay intervals of the Chicot aquifer, and static water levels for
wells located within 1 mile of the site are summarized in Table 2.CRf- *> The screened
intervals of wells in the vicinity of the site, excluding monitoring wells, range from
80 to 470 feet below ground level. Logs of wells in the vicinity of the site describe
the formation as alternating layers of sand and clay of the Chicot Formation. The
well constructed through the greatest thickness of sand is located at 9913 East
Haven Road in Houston, Texas. This well is within 0.25 mile of the site. The static
water level of this well was 27 feet below ground surface. A pump test was not
conducted during well construction and development.̂ 1 l) Approximately thirty-
nine people are served by the sixteen domestic wells within 1 mile of the site, using
the population factor (2.4 residents per household) developed during the PA.<ref- x>
One well provides drinking water for a Houston Lighting & Power Company substa-
tion approximately 3/4 mile from the site. Based on a minimum of a three-man crew
per day using the facilities, the potential number of targets per year is 1,095. The
groundwater population target calculations for distance increments were performed
for the area within 1 mile of the site and are shown in Table 3.(ref- J> The area
around the site is currently converting to the city water supply system, so depen-
dence on a domestic supply of water should therefore decrease in the near future.

The sources of the City of Houston and Kirkmont MUD municipal water supply
in the vicinity of the site are Houston-Galveston Coastal Subsidence District
(HGCSD) well numbers 1094 and 1717.(Kt *> The population served by this water
supply is 9,843.̂ - J> This information is summarized in Table 3.
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B - 9913 EAST HAVEN
C - 10035 RADIO RD.
D - 10039 RADIO RD.
E - 9421 LAMBRIGHT
F - 11,400 GULF FREEWAY
G - 9905 RADIO RD.
H - 10305 MOERS RD.
I - 9917 RADIO RD.
J - 9718 MOERS RD.
K - NA LAMBRIGHT RD.*
L - NA MYKAWA*
M - 9731 RADIO RD.
N - 11412 GULF FREEWAY
0 - 9924 RADIO RD.
P - 9205 WAYFARER
Q - 9625 RADIO RD.
R - 3MW I45/CLEARWOOD
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Table 3. Mobile Waste Controls, Groundwater Population Targets

Mile
Radius

0.00-0.25

0.25-0.50

0-50-1.00

1.00-2.00

Type of
Wen

Domestic
Public supply

Industrial
Irrigation

monitoring

Total

Domestic
Public supply

Industrial
Irrigation

Total

Domestic
Public supply

Inilnetmalndusiriai
Irrigation

Total

Domestic
Public supply

Industrial
Irrigation

Monitoring

Total

Number
ofWells

2
0
0
2
6

10

7
0
0
0

7

7
0

0

8

70
2
8
0
3

83

Total Target
Population *

5
0
0
0
0

5

17
0
0
0

17

17
0

i finfl,UiD
0

1,112

168
9,843

0
0
0

10,011

Notes

• HGCSD well 1040, 0.17 mile from site, plugged in the 1970s.

• HGCSD well 1048, 0.93 mile from site, plugged in 1991.
• HGCSD wen 1202, 0.76 mile from site. Estimated 42,000 gallons annual pro-

duction. Rest rooms used by HL&P crews 7 days per week; minimum of one
tlwMMk ffMhMmt fafnf^f A 0am nc^tf dtot'imt AoAli /tow ^Ptif^a mi.n.n.t* ttnmut ^t£K ^fow ^Hucc-poison irucit crew uses siauon cacn. nay, inrcc people nines ^xo Gays m

target 1,095.

• HGCSD wett 1134, 153 miles from site, plugged prior to 1980.
• HGCSD wett 1059, 1.87 mile from site, plugged prior to 1980.
• HGCSD wen 1094, 1.88 miles from site. Standby wen to provide water to the

Sagemont area (approximately 5 square miles) if the surface water distribution
linefafls. WeH can produce 850 gpm. 5 square miles times 1̂ 84.62 residents
per square mile for Harris County * target 7,923.

• HGCSD weH 1717, t96mfles from site. Public supply weU with approximately
800 connections. 800 times 2.4 residents per Harris County household » target
1,920.

* Population factor for Harris County is 2.4 residents per household.



Required Information (Data Gaps)

• Analysis of the groundwater samples collected for this investigation had not
been completed as of the writing of part 1 of this report. The analytical
results are discussed in part 2 of this report.

• Monitoring well survey data were not available; hence, current groundwater
flow direction could not be adequately determined.

• No subsurface soil samples were collected during SSI activities to character-
ize subsurface soil conditions. Collection of subsurface soil samples was
beyond the scope of this investigation.

SURFACE WATER PATHWAY

Characteristics

The site is located in the San Jacinto-Brazos Coastal Basin, segment 1102.(rcf-J)
This segment, Clear Creek above tidal, is classified as water quality limited, is 44
miles in length, and drains an undetermined area.(ref- 13> Thirty-one permitted
outfalls discharge a total of 30.44 million gallons per day (mgd) to segment 1102,
specifically twenty-three domestic (30.35 mgd) and eight industrial (0.09 mgd)
outfalls. There are two TWC ambient surface water quality monitoring stations,
1102.0100 and 1102.0200, for this segment, located 5.8 and 7.3 miles from the
site.(ref- 13) Surface water quality data for segment 1102 are presented in
Table 4.(«f-")

Surface drainage in the vicinity of the site is generally to the southwest, in the
direction of the small lakes formed from excavated sand pits/"*- ^ In addition,
surface water drainage may also occur southwestward along Windmill Landing
Boulevard toward the Harris County drainage ditch. The site is located outside the
500-year flood plain.(ref- 0 The 2-year, 24-hour rainfall event in the area of the site is
5.5 to 6.0 inches(ret 14> with an average annual rainfall rate of 44.76 inches.(ref-15)

The filled landfill pit (area A, Figure 2) is located north and east of four lakes
created by sand quarrying operations/"*- a> The lakes have been filled by precipita-
tion, surface water runoff, and groundwater seepage.(ref- *) A potential surface water
pathway exists that would allow surface water to drain across and through the fairly
thin and, in places, breached landfill cap material into the nearby lakes. The proba-
ble point of entry (PPE) from surface drainage is the embankments of the lakes.

A second potential pathway is interaction between groundwater and surface
water. Precipitation and ponded surface water over the landfill will infiltrate into
the landfill cover, especially in areas where the cap has been breached. Ground-
water mounding was reported beneath the covered landfill area/1^- *) The upper
saturated sandy interval that intersects the sidewalk of the landfill pit could channel
subsurface flow in the direction of local groundwater flow, potentially controlled by
the groundwater mounding (recharge) noted during the investigations completed by
REI.(ref- a> As the potentially contaminated shallow groundwater moves under the
influence of hydrostatic head, the outcrop of the saturated interval along the side
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Table 4. Mobile Waste Controls October \1985, Through September 30,1987
TWC Water Quality Information for Segment 1102C*ef- H)

Parameter

Dissolved oxygen (mg/L)

Temperature (T)

pH

Chloride (mg/L)

Sulfate (mg/L)

Total dissolved solids (mg/L)

Fecal conforms (#/100 ml)

Criteria

5.0

95.0

65-9.0

200

100

* 600

200

Number
Samples

27

27

24

27

25

25

25

Minimum

4.5

543

7.1

31

21

191

10

Maximum

17.0

87.8

8.6

224

120

630

15,000

Mean

8.4

72.1

75

137.

43

492

231

Number of
Values
Outside
Criteria

3

0

0

2

1

2

15

Mean
Values
Outside
Criteria:

4.8

0

0

218

120

626

619

Total dissolved solids were estimated by multiplying specific conductance by 0.50.
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walls of the four excavated sand pit areas, now lakes, may form seeps or springs that
feed the surface waters of the lakes.

The topography of the site indicates a mounding in the general location of the
closed landfill/"* x> Reportedly, the landfill area is slightly raised by postclosure
activities.(rct- a> The topographic land surface reaches a maximum of 48 feet (MSL)
and falls to approximately 40 feet MSL near the northern extremity of the site.
South and west of the closed landfill area, the land surface is approximately 44 feet
MSL so that surface water drainage patterns are west and south of the area of the
landfill cap.<ret *> Surface runoff appears to flow into the lakes located to the west
and south of the closed landfill area.

Surface water runoff which does not enter the lakes flows to a Harris County
Water Control and Improvement District (WCID) drainage ditch. This drainage
ditch is designated as intermittent on the USGS topographic map.(ref-18> Since the
drainage ditch is intermittent, as confirmed during field activities/"* 2> no surface
water pathway exists from the site to Clear Creek. The distance along the drainage
ditch to Clear Creek is approximately 5 miles.

Four sediment samples (photos 19, 20, and 23) and five surface water samples
(photos 18, 21, 25, and 30) were collected on October 14, 1992, to assess the poten-
tial for releases to the surface water pathway. In addition, one soil sample, SO-7
(photo 17), was obtained from a drainage ditch located along the eastern boundary
of the site. This soil sample was obtained to evaluate the potential migration of
contaminants from the landfill through the ditch. The locations of these samples are
shown in Figure 7.

Sample SE-1 was collected from atop a dock that crosses the center of Windmill
Lake. The sample was taken with a dedicated Eckman dredge sampler which was
decontaminated prior to use. The samples were retrieved from the pond bottom
approximately 10 to 15 feet below the surface. Samples SE-2, SE-3 and SE-4 were
collected from a boat using dedicated brass Lamotte bottom sampling dredges that
were also cleaned prior to use. SE-3 was collected as a composite sample from
several locations and depths in Bass Lake. SE-2 and the QA/QC duplicate sample
(SE-4) were collected as grab samples approximately 100 feet north of south bank in
Lake Westwind at a depth of approximately 25 feet.

The surface water samples were all collected from the upper 6 inches of water
using dedicated polyethylene surface water dippers that were decontaminated prior
to use. The sample was poured directly into approved sample bottles. SW-1 was
collected from the middle of Windmill Lake from the dock that extends into the
lake. SW-2 and the QA/QC duplicate sample (SW-5) were collected from the boat
in Lake Westwind. SW-3 was collected from the eastern shore of Bass Lake in the
vicinity of a recharge well's outflow into the lake. Lastly, SW-4 was collected from
along the northern shore of a fourth unnamed lake. The samples were analyzed for
CLP volatile and semivolatile organics, CLP pesticides/PCBs, CLP metals, and
cyanide. Analytical results of these samples are discussed in part 2 of this report.
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Targets

The designated water uses for segment 1101 and segment 2425 of the San
Jacinto-Brazos Coastal Basin are contact recreation.(ref-14> Drainage discharge of
Clear Creek is 26,150 acre-feet per yearO*^ x> with an average flow of about
36.1 cubic feet per second (cfs).(ref- x) Low flow for segment 1102 is not known. The
Clear Creek tidal segment, 14 miles in length, does include a portion of the
15 downstream miles from the site and is designated as a domestic water
supply.(ref-13) The lakes surrounding the site are frequently used for fishing,
swimming, and boating(ref-x)

Threatened and endangered species within a 4-mile radius of the site are Bufo
houstonensis (Houston toad), Tympanuchus cupido attwateri (Attwater's greater
prairie chicken), Opheodiys vemalis (smooth green snake), Chloris texensis (Texas
windmill grass), Machaeranthers aurea (Houston machaeranthera), Nerodia fasciata
clarkii (gulf salt marsh snake), and Rana areolata (crawfish frog).(ref ^ None of these
species were identified at the site during the site inspection activities^"* 2> A list of
EPA-recognized sensitive environments is in appendix C.

Required Information (Data Gaps)

• Texas Parks and Wildlife Department TPWD has not yet provided fish
production estimates for the lakes and rivers in the drainage route from the
site.

• Analysis of the samples collected for this investigation was not completed as
of the writing of part 1 of this report. Results from these samples are
reported in part 2 of this report.

SOIL EXPOSURE PATHWAY

Characteristics

During a TWC site inspection, stressed and bare vegetation areas were noted
over the site and in the area of monitoring well 10 at the western edge of the closed
landfill and adjacent to Lake Westwind.(ref-a) Stressed vegetation and bare soil areas
with exposed debris were noted during the SSI (appendix A, photos 3 through 8).
These areas are potential soil exposure pathways and were sampled during the SSI.

The closed, 25-acre landfill site is a maintained, open, landscaped, grass field,
and public access is not restricted.(ref- *) Offsite runoff patterns are described as
occurring to the southwest and potentially to the north,(ref- *> as discussed in the
surface water pathway section above.

The site is accessed by Windmill Lakes Boulevard, Windwater Road, East
Haven Road, and Minnesota Road. There are no fences constructed to inhibit
access to the approximately 25-acre area of the closed and capped landfill (Figure 2,
area A). There is a fenced, locked, boat storage area constructed on top of the
southwest corner of the closed landfill (Figure 2 and appendix A, photo 8). Access
to boating on the lakes is restricted to residents of the area. Security related to the
apartment complexes is not known.
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— Stressed vegetation and bare soil areas were identified, and hand auguring to a
depth of 1 foot was attempted. East of the boat storage area in the vicinity of
MW-10, clay was present at 10 inches below surface. At sample location SO-10, the

'— cap thickness was approximately 6 inches. The clay thickness near the northernmost
apartments west of Windmill Lakes Boulevard was 8 to 10 inches.

i_ Plastic sheeting was encountered approximately 4 inches below surface in the
""" vicinity of the soil sample location SO-1. The central portion of area A on the east

side of Windmill Lakes Boulevard is covered with a hard, rocky material.

— Strong odors emanated from approximately 4 inches below surface at a location
on the east side of Windmill Lakes Boulevard, in the center of the southern half of
area A. No organic vapor readings were taken at this location, but readings taken at

— other locations on the site showed no volatile organics present in the air at the site
during the site visit.

Ten soil samples were collected on October 14,1992, to assess for contaminants
""" that may impact the soil exposure pathway. The locations of these samples are
, shown on Figure 4. The following samples were obtained from areas of stressed
I vegetation, thin landfill cap areas, and/or areas of exposed debris: SO-1 (photo 15),

SO-2 (photo 16), SO-4 (photo 10), SO-5 (photo 12), SO-6 (duplicate of SO-4), SO-9
(photo 13), and SO-10. Soil sample SO-7 (photo 17), obtained from a drainage

i ditch on the east side of the site, was collected to assess the potential migration of
contaminants from the landfill.

I Soil sample SO-8 (photo 11) was obtained along the probable point of entry
L- into Lake Westwind of potential contaminants migrating under the influence of

shallow groundwater or surface water flow. Soil sample SO-3 (photo 14) was
obtained north of the site and was the background soil and sediment sample

L (appendix A, photos 10 through 17).

Sampling was performed with dedicated trowels. The samples were collected
i from as close to the surface as possible, yet deep enough to avoid grass and roots.
""" Samples were placed in glass jars as specified by the CLP and sealed with Teflon-

lined lids. Organic samples were placed in one 8-ounce widemouth glass jar and
i two 120-milliliter widemouth glass vials. Inorganic soil samples were placed in one
^ 8-ounce widemouth glass jar. No headspace was left in the volatile organics sample

jars. Sample jars were marked for identification and placed on ice for preservation.
Identification markings included site location, sample number, date and time of

*"* collection, and names of samplers. The samples were shipped to the designated
CLP laboratories via next day delivery service. The samples were analyzed for CLP

; volatile and semivolatile organics, CLP pesticides/PCBs, CLP metals, and cyanide.

Targets

Land use adjacent to the site is residential and recreational. Three groups of
apartments were constructed adjacent to the site.(ret a> The approximate total
population of the apartments is l,950.<wf- *> An estimated 299 total units from the
three apartment complexes surrounding the closed landfill area are located within

w 200 feet of the site. There are no schools within 200 feet of the site.<ref- J> Beverly
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Hills Intermediate School, with an enrollment of approximately 1,000 students, is
the nearest school (0.56 mile) to the site.(ref 17>

Terrestrial sensitive environments on or within offsite runoff pathways from the
site are not known. Habitats for threatened and endangered species have been
identified within a 4-mile radius of the site.(rcf- *) A list of EPA-recognized sensitive
environments is in appendix C.

Threatened and endangered species within a 4-mile radius of the site are Bufo
houstonensis (Houston toad), Tymapanuchus cupido attwateri (Attwater's greater
prairie chicken), Opheodrys vemalis (smooth green snake), Chloris texensis (Texas
windmill grass), Machaeranthers aurea (Houston machaeranthera), Nerodia fasdata
clarkii (gulf salt marsh snake), and Rana areolata (crawfish frog).(ref- a>

Required Information (Data Gaps)

Analysis of the soil samples collected for this investigation had not been
completed at the writing of part 1 of this report. Results of these analyses are
included in part 2 of this report.

AIR PATHWAY

Characteristics

Potential surface soil contamination from the contents of the closed landfill and
volatile contaminants from leachate or within the closed landfill are potential
sources to the air pathway. Releases of strong petroleum and chemical odors were
reported from bare soil areas at the site during a November 1991 complaint investi-
gation and were observed during the SSI.(rcf- *) Judging from wind rose information
for this area, dusting is anticipated to be occasional. The wind rose for Houston,
presented in Figure 8, indicates that the winds are predominantly from the south
and southeast, with wind speeds of 11 to 16 knots about 10 percent of the time.(ref-16)

The Texas Air Control Board headquarters and District 7 (Bellaire) offices and
the Houston Bureau of Air Quality Control do not have reports of observed releases
from the site, reports of adverse health effects, or other records on file for the
Site.(ref.l7)

One surface soil sample in particular, SO-10, was collected to assess potential
sources of air emissions, as it was collected from an area where an appreciable odor
was observed during the SSI site visit. Soil samples SO-1, SO-2, SO-4, SO-5, and
SO-6 (duplicate of SO-4) were obtained in areas of stressed vegetation, thin landfill
cover thickness, or in areas documented as potentially impacted during the PA and
can be used to assess potential sources of air emissions.

Targets

The population within a 4-mile radius of the site is estimated to be
50,000 people/ref- *> The nearest school, Beverly Hills Intermediate School
(enrollment 1,000), is located about 0.56 mile southeast of Windmill Lake, one of
the lakes located along the southern boundary of the site.<rct 18> The nearest park,
Beverly Hills Park, is located about 0.20 mile southeast of the site.(ref- lg) The
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location of the nearest residence is the Windmill Lakes Apartments approximately
50 feet north of soil sample location SO-10. Approximately 811 apartment units,
containing 1,946 residents, are located adjacent to the site. The nearest individual
subject to exposure from a release of hazardous substances through the air is not
known at this time. There are no national parks or national monuments within a
4-mile radius of the site.<ref- 19) Sensitive environments have been identified as
occurring within the 4-mile target distance from the site.<rcf- *) A list of EPA-
recognized sensitive environments is in appendix C.

Endangered or threatened species are historically known to exist within a 4-mile
radius of the site, although they have not been absolutely identified as occurring in
the locality of the site.(ref-J) Threatened and endangered species within a 4-mile
radius of the site are Bufo houstonensis (Houston toad), Tymapanuchus cupido
attwateri (Attwater's greater prairie chicken), Opheodrys vemalis (smooth green
snake), Chloris texensis (Texas windmill grass), Machaeranthers awea (Houston
machaeranthera), Nerodia fasciata clarkii (gulf salt marsh snake), and Rana areolata
(crawfish frog).(ref- x> Sensitive environments have been identified during the PA
within the 4-mile target distance from the site. Sensitive environments were not
observed by ES field team members within a 4-mile radius of the site during the SSI
site visit.

Required Information (Data Gaps)

No analytical data for the air pathway exists because the collection of air
samples was beyond the scope of this investigation. Soil samples collected can be
used to assess the potential for releases of hazardous substances to the air.

CONCLUSIONS

There are numerous primary contaminants of concern at this site. Industrial
wastes were accepted for disposal at the site/rcf- x> The primary contaminants of
concern identified in the PA are benzene, toluene, ethylbenzene, 2-nitropropane,
chlorobenzene, cyclohexane, xylene, aniline, naphthalene, 1,4-dichlorobenzene,
l,l'-diphenylhydroazine, N-nitro-sodiphenyl amine, 2-methyl phenol, 2,4-dimethyl
phenol, 2,3-dimethyl phenol, diethyl phthalate, styrene, and metals.(ref- a> In addition,
wood, paper, plastics, rubber, metal, neoprene, Styrofoam, urethane, PVC pellets,
plastic resin, asbestos, oil-contaminated filter cake, asphalt, and municipal garbage
were disposed of at the site.(ref- J>

Groundwater, surface water, soil exposure, and air pathways are of concern at
the site.(wf-l and 2) The primary targets via the groundwater and surface water path-
ways are the apartment residents that live adjacent to and who may swim, boat, and
fish in the lakes surrounding the site. (Groundwater at the site may recharge to the
lakes.) Houston residents living within 1 mile of the site who rely on domestic water
supplies are also potential targets.

Access to the site is not restricted, and the landfill cover, breached during the
construction of Windmill Lakes Boulevard, shows evidence of waste exposure, leak-
age, air emissions, and erosion.
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The analytical data collected during this SSI are in part 2 of this report. These
data enable determinations to be made regarding releases to the groundwater,
surface water and soil exposure pathways.
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ENGINEERING-SCIENCE

Photo 1 (10/12/92): Monitoring Well 2 location near yellow field notebook [see arrow], adjacent to
Lake Westwind between Area A and the lake, facing northwest (TXD 988051652)

Photo 2 (10/12/92): Soil drainage pathway along cap adjacent to Lake Westwind, northeast corner of
boat storage area, facing southeast (TXD 988051652)



ENGINEERING-SCIENCE

Photo 3 (10/12/92): Bare soil area with exposed materials hi west central area of Area A, northeast of
. boat storage area, facing west (TXD 988051652)

Photo 4 (10/12/92): Bare soil area with exposed materials west of Windmill Lakes Blvd. in northeast
corner of the west part of Area A, facing west (TXD 988051652)



ENGINEERING-SCIENCE

Photo 5 (10/12/92): Bare soil area near the intersection of Windmill Lakes Blvd. and Windwater
Road on the east side of Area A, facing south (TXD 988051652)

Photo 6 (10/12/92): Bare soil area with wire exposed along southern portion of the east side of Area
A, facing south (TXD 988051652)



ENGINEERING-SCIENCE

Photo 7 (10/12/92): Bare soil area with crystalline material exposed in the southwest corner of the
east side of Area A, near apartments, facing northeast (TXD 988051652)

Photo 8 (10/12/92): Bare soil area on the east side of the boat storage area near Monitoring Well 10;
view from Windmill Lakes Blvd., facing west (TXD 988051652)



ENGINEERING-SCIENCE

Photo 9 (10/12/92): View of breached fence south of Windmill Lake at north side of the parking lot at
the Beverly Hills Park, facing north (TXD 988051652)

Photo 10 (10/13/92): Collection of soil samples SO-4 and SO-6 (duplicate) adjacent to Monitoring
Well 2, located between Lake Westwind and Area A, facing northwest (TXD 988051652)



ENGINEERING-SCIENCE

Photo 11 (10/13/92): Collection of soil sample SO-8, upgradient along the PPE of Lake Westwind,
facing south (TXD 988051652)

Photo 12 (10/13/92): Collection of soil sample SO-5, along the surface drainage pathway
northwest of the boat storage area within the western portion of the closed landfill, Area A,

facing northeast (TXD 988051652)



ENGINEERING-SCIENCE

Photo 13 (10/13/92): Collection of soil sample SO-9, bare soil area east of the boat storage shed,
in the vicinity of Monitoring Well 10; central cap area along the western side of Area A,

facing south (TXD 988051652)

Photo 14 (10/13/92): Background soil sample location SO-3, north of Windwater Road, facing
southeast (TXD 988051652)



ENGINEERING-SCIENCE

Photo 15 (10/13/92): Collection of soil sample SO-1, bare soil area south of the intersection
of Windmill Lakes Blvd. and Windwater Road on the east side of the landfill Area A,

facing northwest (TXD 988051652)

Photo 16 (10/13/92): Collection of soil sample SO-2, marshy area along the east side of Windmill
Lakes Blvd. in the approximate center of Area A, facing northwest (TXD 988051652)



ENGINEERING-SCIENCE

Photo 17 (10/13/92): Collection of soil sample SO-7, in the southeast corner of Area A across the
road from the horse stables, along the surface drainage ditch, facing south (TXD 988051652)

Photo 18 (10/14/92): Collection of surface water sample SW-3, from Bass Lake along pier,
facing south (TXD 988051652)



ENGINEERING-SCIENCE

Photo 19 (10/14/92): Collection of first Bass Lake sediment sample, composite sample SE-3, from
boat [see arrow], facing southwest (TXD 988051652)

Photo 20 (10/14/92): Collection of second Bass Lake sediment sample, composite sample SE-3, from
boat [see arrow], facing west (TXD 988051652)



ENGINEERING-SCIENCE

Photo 21 (10/14/92): Collection of surface water sample SW-1, taken from Windmill Lake,
facing south (TXD 988051652)

Photo 23 (10/14/92): Collection of sediment samples SE-2 and SE-4 (duplicate) from Lake Westwind,
facing northwest (TXD 988051652)



ENGINEERING-SCIENCE

Photo 25 (10/14/92): Collection of surface water samples SW-2 and SW-5 (duplicate) from Lake
Westwind, facing northwest (TXD 988051652)

Photo 27 (10/14/92): Collection of sample GW-5 from Monitoring Well 2, located between Lake
Westwind Collection of sample SO-2 from nonvegetated area in southeast corner of lot,

facing northwest (TXD 988051652)



ENGINEERING-SCIENCE

Photo 28 (10/14/92): Sample location
Monitoring Well 8, located in apartment
complex south of Area A and north of

Windmill Lake, facing northwest
(TXD 988051652)

Photo 29 (10/15/92): Monitoring Well
location MW-1, sample GW-8, Lake Westwind
in background, facing west (TXD 988051652)



ENGINEERING-SCIENCE

Photo 30 (10/15/92): Collection of sample SW-4, taken from north edge of the 4th lake, the lake
adjacent to Windmill Lake, facing south (TXD 988051652)

Photo 31 (10/15/92): Verifying landfill cap thickness in bare soil area east of boat storage, facing
northeast (TXD 988051652)



ENGINEERING-SCIENCE

Photo 32 (10/15/92): Verifying landfill cap thickness in bare soil area northeast of boat storage area,
facing southwest; strong gas odor noted (TXD 988051652)

Photo 33 (10/15/92): Close-up view of previous location, facing west (TXD 988051652)



ENGINEERING-SCIENCE

Photo 34 (10/15/92): Verifying landfill cap thickness in bare soil just south of apartment complex on
the west side of Windmill Lakes Blvd., facing north (TXD 988051652)

Photo 35 (10/15/92): Verifying landfill cap thickness in bare soil just east of Windmill lakes Blvd.,
approximately in the center of Area A, facing south (TXD 988051652)



ENGINEERING-SCIENCE

Photo 36 (10/15/92): Verifying landfill cap thickness in bare soil area south and east of the
intersection of Windmill Lakes Blvd. and Windwater Road, facing west (TXD 988051652)

Photo 37 (10/15/92): Collection of soil sample SO-10 obtained east and north of boat storage area,
facing north; area has strong gas odors (TXD 988051652)



ENGINEERING-SCIENCE

Photo 38 (10/15/92): Groundwater sample locations GW-1 and GW-9 (duplicate) taken from water
well located at 9416 Lambright Road, facing west (TXD 988051652)

Photo 39 (10/15/92): Close-up view of previous location, facing west (TXD 988051652)



ENGINEERING-SCIENCE

Photo 40 (10/15/92): Collection of groundwater sample GW-2, taken from the water well located at
9905 Radio Road, facing west (TXD 988051652)

Photo 41 (10/15/92): Collection of groundwater sample GW-3, taken from the water well located at
9916 Radio Road, facing southeast (TXD 988051652)



Appendix B

Reference Material

L

L



Appendix B.I

Geology and Groundwater References



u

L

ATLAS OF TEXAS

Sheet

Scale: 1:250,000

1982

\





Report 236

STRATIGRAPHIC AND HYDROGEOLOGIC
FRAMEWORK OF PART OF THE
COASTAL PLAIN OF TEXAS

TEXAS DEPARTMENT OF WATER RESOURCES July 1979



Tablt l.»6cr«tlgrAphlc and Uydrog*ologlc Frwwvork of part of th« Cout*l Plain of T«x*«

Era
1

 
CE

N
D

ZO
IC

Syitem

Q
ua

te
r-

na
ry

T
er

ti
ar

y

j Serlei

Holocene

Plelitocene

Pliocene

Miocene

\
OllgOCOne(l)\

Eocene

Stratltraphle Unit!

Alluvium
Beaumont Clay^
Montgomery Formation
Bent ley Formation
Wllllf Sand

Collad Sand

Fleming Formation

Oakvllle Sandatone

S
u
r
I
»
e
e

Upper part of
Catahoula Tuff

Catahoula Tuff or tan it cone
or Sandstone

Anahuac Formation

"Frlo" Formation

Surface
Frlo Clay

1

!|

Fathlng City Member

Subiurlace
Vickiburg Group

eaulvalent

Cai'ilhem Sanditone Member or
Tordllla Sanditone Member

Vhltsett Duboie Member
Formation Daveetvtlle Sanditone

Conqulita C}ey Member
rtember

Mannlna Clay
Wellborn Sanditone
Caddell Formation
YiEua Formation
Cook Mountain Formation
Sparta Sand
Wiebei Formation
Queen City Sand
Reklav Formation
CarrUo Sand

Midway Crow

Hydro|eo logic Unlti

•

Chicot aquifer

Bvangellne aquifer

Burkevllle ^ — .
confining

»^^^ ayitam

Jaaper aquifer

CatahoulaN.
confining N^
lyiten N.
(reitrlcted)N.

«

Hot dlicuiied
•i hydrologlc unit!

In thli report.

Selected Faunal Marker!

PvtMilhlfl inattom
Hi^eHfrtntt notlatjria inir. direct*
Iliffnrrliu humltk-i
Amftliislvfiiia f/f.

Diifurbil IIUIII.H/.I
Dilcorlil irMvlli
HeletotltgitM l/i.
Mtirgiimliiu idiomotplu

TcxtnldFia iniwstip\riensit

Trxlitiiria iraneiil

MtirfinutiiM eofoufiitit

Tcxlnltwii liorklryriisii
Afuln'liiu ptMli

Textukirb ,liballetuii

Nontomtki cotkjiMcntit
Discorlii yrgmiriilii
lifunuii't yexuarntii
CeriilolniUiiilittl rximia

Remark!

Quaternary Syitem undlffer>
entlated on aectloni.

Collad Sand overlapped eait of
Lavaca County •

Oakvllle Sanditone Included In
Fleming Formation eait of
Washington County.

Catahoula Tuff deilgnated at
Catahoula Sanditone eait of
Lavaca County.

Anahuae and "Frlo" Formation!
may be Ollgocene In age.

Frlo Clay overlapped or not
recognised on lurface cut of
Live Oak County.

Indicated member! of Miltiett
Formation apply to louth-
central Texai. Whltaett
formation eait of Kernel
County may be, U part or In
whole. OllEocene In an.

L . I...



Figure 4
Stratigraphic and Hydrogeologic Section C-C

•«.— STIUTIt

n «s»WOST4.V $JU*0**CMMb*lmt M
9000



subsurface correlations of the Catahoula-Fleming
contact, as well as formation thicknesses, will continue
to differ.

Burkeville Confining System

The Burkeville confining system, which was named
by Wesselman (1967) for outcrops near the town of
Burkeville in Newton County, Texas, is delineated on
the sections from the Sabine River to near the Rio
Grande. It separates the Jasper and Evangeline aquifers
and serves to retard the interchange of water between
the two aquifers.

The Bnrkeville has been mapped in this report as a
rock-stratigraphic unit consisting predominantly of silt
and day. Boundaries were determined independently
from time concepts although in some places the unit
appears to possess approximately isochronous
boundaries. In most places, however, this is not the case.
For example, the -entire thickness of sediment in the
Burkeville confining system in some areas is younger
than the entire thickness of sediment in the Burkeville in
other places.

The configuration of the unit is highly irregular.
Boundaries are not restricted to a single stratigraphic
unit but transgress the Fleming-Oakville contact in many
places. This is shown on sections 0-0' to G-G' and J-J'
(Figures 5-8 and 11). Where the Oakville Sandstone is
present, the Burkeville crops out in the Fleming but dips
gradually into the Oakville because of fades changes
from sand to day downdip.

. The typical thickness of the Burkeville ranges from
about 300 to 500 feet (91 to 152 m). However, thick
sections of predominantly clay in Jackson and Calhoun
Counties account for the Burkeville's gradual increase to
its maximum thickness of more than 2,000 feet (610 m)
as shown on section F-F' (Figure 7).

The Burkeville confining system should not be
construed as a rock unit that is composed entirely of silt
and clay. This is not typical of the unit, although
examples of a predominance of silt and day can be seen
in some logs in sections H-H' and M' (Figures 9-10). In
most placesT the Burkeville is composed of many
individual sand layers, which contain fresh to slightly
saline water; but because of its relatively large
percentage of silt and day when compared to the
underlying Jasper aquifer and overlying Evangeline. the
Burkeville functions as a confining unit.

Evangeline Aquifer

The Evangeline aquifer, which was named and
defined by Jones (Jones, Turcan. and Skibitzke. 1954)
for a ground-water reservoir in southwestern Louisiana,
has been mapped also in Texas, but heretofore has been
delineated no farther west than Washington, Austin,
Fort Bend, and Brazoria Counties. Its presence as an
aquifer and its hydrotogic boundaries to the west have
been a matter of speculation. 0. G. Jorgensen. W. R.
Meyer, and W. H. Sandeen of the U.S. Geological Survey
(written commun.. March 1, 1976) recently refined the
delineation of the aquifer in previously mapped areas
and continued its delineation to the Rio Grande. The
boundaries of the Evangeline as they appear on the
sections in this report are their determinations.

The Evangeline aquifer has been delineated in this
report essentially as a rock-stratigraphic unit. Although
the aquifer is composed of at least the Goliad Sand, the
lower boundary transgresses time lines to include
sections of sand in the Fleming Formation. The base of
the Goliad Sand at the outcrop coincides with the base
of the Evangeline only in South Texas as shown in
sections H-H* to K-K' (Figures 9-12). Elsewhere, the
Evangeline at die surface includes about half of the
Fleming outcrop. The upper boundary of the Evangeline
probably follows closely the top of the Goliad Sand
where present, although this relationship is somewhat
speculative.

The Evangeline aquifer is typically wedge shaped
and has a high sand-day ratio. Individual sand beds are
characteristically tens of feet thick. Near the outcrop,
the aquifer ranges in thickness from 400 to 1,000 feet
(122 to 305 m), but near the coastline, where the top of
the aquifer is about 1.000 feet (305 m) deep, its
thickness averages about 2,000 feet (610m). The
Evangeline is noted for its abundance of good quality
ground water and is considered one of the most prolific
aquifers in the Texas Coastal Plain. Fresh to slightly
saline water in the aquifer, however, is shown to extend
to the coastline only in section J-J' (Figure 11).

Chicot Aquifer

The Chicot aquifer, which was named and defined
by Jones (Jones. Turcan. and Skibitzke. 1954) for a
ground-water reservoir in southwestern Louisiana, is the
youngest aquifer in the Coastal Plain of Texas. Over the
years, the aquifer gradually was mapped westward from
Louisiana into Texas where, heretofore, its most
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westerly mapped limit was Austin. Fort Bend, .and
Brazoria Counties. In this report, the delineation of the
Chicot was refined in previously mapped areas and
extended to near the Rio Grande by D. G. Jorgensen, W.
R. Meyer, and W. M. Sandeen of the U.S. Geological
Survey (written commun., March 1,1976).

It is believed that the base of the Chicot in some
areas has been delineated on the sections in this report as
the base of the Pleistocene. Early work in Southeast
Texas indicates that the Chicot probably comprises the
Willis Sand. Bentley Formation. Montgomery
Formation, and Beaumont Clay of Pleistocene age and
any overlying Holocene alluvium (Table 1). The problem
that arises in this regard is that the base of the
Pleistocene is difficult to pick from electrical logs. Thus
any delineation of the base of the Chicot in the
subsurface as the base of the Pleistocene is automatically
suspect. At the surface, the base of the Chicot on the

sections has been picked at the most landward edge of
the oldest undissected coastwise terrace of Quaternary
age. In practice, the delineation of the Chicot in the
subsurface, at least on the sections in Southeast Texas,
has been based, on the presence of a higher sand-clay
ratio in the Chicot than in the underlying Evangeline. In
some places, a prominent day layer was used as the
boundary. Differences in hydraulic conductivity or
water levels in some areas also served to differentiate the
Chicot from the Evangeline.

The high percentage of sand in the Chicot in
Southeast Texas, where the aquifer is noted for its
abundance of water, diminishes southwestward.
Southwest of section G-G' (Figure 8) the higher day
content of the Chicot and the absence of fresh to
slightly saline water in the unit is sharply contrasted
with the underlying Evangeline aquifer that still retains
relatively large amounts of sand and good quality water.

I
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434 Groundwater Contamination / CA. 9

the air) during sample preparation and during the tests. Since the adsorpttve
capabilities of oxidized materials can be much different than reduced materials, the
test results can be invalid for analysis of contaminant behavior in field systems.

The most direct but rarely the most convenient method for determining the
partitioning and retardation of the contaminant is to conduct field tests. Injection of
a solution of appropriate composition into a small segment of the groundwater
system followed by monitoring of its behavior can provide, in favorable circum-
stances, a basis for prediction of contaminant behavior elsewhere in the system.
Field tests of this type can be time-consuming and expensive. In order to obtain
adequate information, numerous tests may be required. In some situations the
need to obtain reliable information on contaminant behavior is great enough to
justify this effort

Another approach for obtaining information on the partitioning and retarda-
tion of contaminants during transport in groundwater is to conduct investigations
at existing sites where groundwater pollution has already occurred. For results
of these investigations to have more than site-specific significance, not only must
the distributions of the contaminants in the water and on the porous media be
determined, but the factors that influence these distributions must also be investi-
gated. During recent years an appreciable number of detailed studies of sites
with subsurface contamination have been reported in the literature. Some of the
more notable examples are those by McKee et al. (1972), Quids et al. (1974),
Suarez (1974), Ku et al. (1978), Goodall and Quigley (1977), and Gillham and
Cherry (1978).

J
I

J

j

9.5 Sources of Contamination

Land Disposal of Solid Wastes

In North America approximately 3 kg of refuse per capita is produced daily. More
than 20,000 landfills across the continent accommodate more than 90% of the solid
waste that is produced by municipal and industrial activities. According to Yen
and Scanlon (1975), a city of 1 million people generates refuse with an annual
volume equivalent to 80 ha covered 5 m deep. Although materials recovery and
incineration may eventually decrease the amount of waste that is disposed of by
landfilling, landfills will continue to be the primary method of disposal of these
wastes during at least the next few decades.

The design, construction, and operational aspects of land disposal of refuse
are described by Mantcll (1975). For purposes of this discussion this information
is not required, other than to recognize that much of the solid waste (refuse) that
is now disposed of on land is emplaced in engineered disposal systems known as
sanitary landfills. In sanitary landfills, solid waste is reduced in volume by compac-
tion and then is covered with earth. Ideally, the earth cover is placed over the refuse
at the conclusion of each day's operation, but in practice (ess frequent cover appli-
cation is common. The landfill, consisting of successive layers of compacted waste
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c and earth, may be constructed on the ground surface or in excavations. In North
America a large number of the older sites that receive municipal wastes are open
dumps or poorly operated landfills. Newer sites are generally better situated and
better operated. It is estimated that 90% of the industrial wastes that are considered
to be hazardous are landfilled, primarily because it is the least expensive waste
management option.

Our purpose here is to consider some of the effects that refuse disposal can
have on the groundwater environment With the exception of arid areas, buried
refuse in sanitary landfills and dumps is subject to leaching by percolating water
derived from rain or snowmelt. The liquid that is derived from this process is
known as leachate. Table 9.4 indicates that leachate contains large numbers of
inorganic contaminants and that the total dissolved solids can be very high.
Leachate also contains many organic contaminants. For example, Robertson et
al. (1974) identified more than 40 organic compounds in leachate-contaminated
groundwater in a sandy aquifer in Oklahoma. These authors concluded that many
of these compounds were produced by leaching of plastics and other discarded
manufactured items within the refuse. Not only do the leachates emanating from

Table 9.4 Representative Ranges for Various
Inorganic Constituent* in Leachate
From Sanitary Landfills

Representative range
Parameter (mg/l)

K*
Na*
Ca»*
Mg*
Q~
S04»-
Alkalinity
Fe (total)
Mo
Cu
Ni
Zn
Pb
Hg
NOj
NH;
PtsPO*

Organic nitrogen
Total dissolved organic carbon
COD (chemical oxidation demand)

Total dissolved solids
pH

200-1000
200-1200
100-3000
100-1500
300-3000
10-1000

500-10,000
1-1000

0.01-100
<10

0.01-1
0.1-100

<5
<O2

0.1-10
10-1000
1-100

10-1000
200-30,000

1000-90,000
5000-40,000

4-*

SOURCES: Griffin et al., 1976; Leckfe et al., 1975.
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landfills contain contaminants derived from solids, but many leachates contain
toxic constituents from liquid industrial wastes placed in the landfill

Concern has developed in recent years with regard to the effect of landfills
on the quality of groundwater resources. Garland and Mosher (1975) cite several
examples where groundwater pollution has been caused by landfills. A case where
leachate migration caused serious pollution of a large aquifer used as a city's
water supply is described by Apgar and Satherthwaite (1975). It is expected that
the cost of rectifying this situation will eventually total many millions of dollars.

Numerous investigations in North America and Europe have shown that
in nonarid regions, infiltration of water through refuse causes water table mounding
within or below the landfill. The mounding process is similar to that described in
Section 8.11. Water-table mounding causes leachate to flow downward and outward
from the landfill as illustrated in Figure 9.24. Downward flow of leachate may
threaten groundwater resources. Outward flow normally causes leachate springs
at the periphery of the landfill or seepage into streams or other surface-water
bodies. If the paths of leachate migration do not lead to aquifers containing potable
water, downward movement of leachate will not pose a threat to groundwater
resources.

Precipitation

I U U .„,

£•*»

j
1

j

Refuse
*

^^Groundwater tone
contaminated by leachate

Figure 9.24 Water-table mound beneath a landfill, causing leachate springs ,
and migration of contaminants deeper into the groundwater
zone.

In situations where landfills are located in relatively permeable materials —
such as sand, gravel, or fractured rock, leachate migration may cause contamina-
tion over areas many times larger than the areas occupied by the landfills. An
example of such a case is shown in Figure 9.25. At this landfill site on moderately —-.
permeable glaciodeltaic sand, a large plume of leachate-contaminated water,
represented in Figure 9.25 by the Cl~ distribution, has penetrated deep into the
aquifer and has moved laterally several hundreds of meters along the paths of __
groundwater flow. This contamination developed over a period of 35 years.
Infiltration of water through the landfill will continue to produce leachate for many
decades. Transport by groundwater flow in the sand will cause the zone of con-
tamination to greatly expand. In this particular case, however, the aquifer is not -~
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Figure 9.25 Plume of leachate migrating from « sanitary landfill on a sandy
aquifer; contaminated zona is represented by contours of Cl~
concentration in groundwater.

used for water supply. The spreading contaminant plume is therefore not regarded
as a significant problem. At a landfill on sand and gravel on Long Island, N.Y.,
Kimmcl and Braids (1974) delineated a leachate plume that is more than 3000 m
long and greater than 50 m in depth. These two examples and others described in
the literature indicate that if leachate has access to active groundwater flow regimes,
pollution can spread over very large subsurface zones. Physical and chemical
processes are sometimes incapable of causing appreciable attenuation of many of
the toxic substances contained within the leachate plume.

If landfills are situated in appropriate hydrogeologic settings, both ground-
water and surface-water pollution can be avoided. It is commonly not possible,
however, to choose sites with ideal hydrogeologic characteristics. In many regions
land of this type is not available within acceptable transportation distances, or
it may not be situated in an area that is publicly acceptable for land filling. For
these and other reasons most landfills are located on terrain that has at least some
unfavorable hydrogeologic features.

Although it is well established that landfills in nonarid regions produce
leachate during at least the first few decades of their existence, little U known
about the capabilities for leachate production over much longer periods of time.
In some cases leachate production may continue for many decades or even hun-
dreds of years. It has been observed, for example, that some landfills from the
days of the Roman Empire are still producing leachate. Many investigators have
concluded that at the present time there have been very few occurrences of leachate
contamination of aquifers that are used for water supply. Whether or not it will
be possible to draw similar conclusions many years from now remains to be estab-
lished.

*• -I
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Farvolden and Hughes (1976) have concluded that solid waste can be buried
at almost any site without creating an undue groundwater pollution hazard, pro-
vided that the site is properly designed and operated. A testing program to define
the hydrogeological environment is essential. These authors indicate that if uncon-
trolled leachate migration is unacceptable, the leachate should be collected and
treated as a liquid waste. One feasible way to ensure that no leachate leaves the
site is to establish a hydraulic gradient toward the site, perhaps by pumping.
Liners for emplacement beneath landfills are currently being evaluated as a control
method but have not yet been established in practice. Some examples of controls
on leachate migration using drains or wells are shown in Figure 9.26. These types
of control measures require that the collected leachate be treated or otherwise
managed in an appropriate manner.

In addition to the production of leachate, infiltration of water into refuse
causes gases to be generated as biochemical decomposition of organic matter

— - Water table

>• Direction of groundwater f tow

Water table
before excavation

Water table after
construction complete

'ercolate
discharge r

, Percolate discharge

r-Ur-—Pumping well

Z —

(b)

Figure 3.26 Control of leachate in a sanitary landfill by (a) tile drain or ditch
and (b) pumped well (after Hughes et al. 1971).
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occurs. Gases such as COa, CH4, HZS, H,, and Na are commonly observed. COa

and CH4 are almost invariably the most abundant of these gases. CH« (methane)
has a low solubility in water, is odorless, and generally is of little influence on
groundwater quality. In the environmental impact of landfills, however, it can be
of great importance because of its occurrence in gaseous form in the zone above
the water table. It is not uncommon for CH4 to attain explosive levels in the refuse
air. In some situations CH« at dangerous levels can move by gaseous diffusion
from the landfill through the unsaturated zone in adjacent terrain. Migration of
CH4 at combustible levels from landfills through soils into residences has occurred
in urban areas. In recent years, installation of gas vents in landfills to prevent
buildup of methane in the zone above the water table has become a common
practice.

In addition to hazards caused by the potential for methane explosion, gaseous
migration from landfills can result in extensive damage to vegetation and odor
problems. Case histories of gas migration from landfills have been described by
Flower (1976). Mohsen (1975) has presented a theoretical analysis of subsurface
gas migration from landfill sources. The interactions of the various factors that
influence gas production in landfills have been described by Farquhar and Rovers
(1973).

Sewage Disposal on Land

Sewage is placed on or below the land surface in a variety of ways. Widespread use
of septic tanks and drains in rural, recreational, and suburban areas contributes
filtered sewage effluent directly to the ground. Septic tanks and cesspools are the
largest of all contributors of wastewater to the ground and are the most frequently
reported sources of groundwater contamination in the United States (U.S. Environ-
mental Protection Agency, 1977). Twenty-nine percent of the U.S. population
disposes of its domestic waste through residential disposal systems. An increasing
percentage of the municipal sewage in industrialized countries is being processed
in primary and secondary sewage treatment plants. Although this decreases surface-
water pollution, it produces large volumes of solid residual materials known as
sewage sludge. In many areas this sludge, which contains a large number of poten-
tial contaminants, is spread on agricultural or forested lands. In some regions
liquid sewage that has not been treated or that has undergone partial treatment is
sprayed on the land surface. Application of liquid sewage and sewage sludge to
the land provides nutrients such as nitrogen, phosphorus, and heavy metals to the
soil. This can stimulate growth of grasses, trees, and agricultural crops. Land that
is infertile can be made fertile by this practice. One of the potential negative impacts
of this type of sewage disposal is degradation of groundwater quality.

Primary- and secondary-treated sewage is being spread on forested land and
crop land in an increasing number of areas in Europe and North America. For
example, in Muskegon County, Michigan, more than 130 million liters per day of
sewage effluent is sprayed on the land surface (Bauer, 1974). For many decades
cities such as Berlin, Paris, Milan, Melbourne, Fresno, and many others have been

r >
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using sewage for irrigation of crops. Not only are the nutrients in sewage effluent
valuable, but the water itself is a valuable resource in many regions. In some situa-
tions intensely treated sewage effluent may be used as a source of artificial recharge
for aquifers that serve for municipal water supply. Injection of treated sewage,
into coastal aquifers may serve as a means of controlling the intrusion of salt
water.

Considering the many ways in which liquid and solid constituents from
sewage reach the land surface and subsurface zones, it is reasonable to expect that
over the long term the quality of groundwater resources in many areas will reflect
the extent to which hydrogeologic factors are considered in the overall planning
and operation of sewage management systems. In a textbook of this type it is not
feasible to look specifically at the hydrogeologic and geochemical factors that are
important in each of the land-application or disposal-of-sewage options that are
in use. Before proceeding to other topics, however, we will provide a brief guide
to some of the more important studies that have been conducted. For a detailed
guide to the literature in this area, the reader is referred to the U.S. Environmental
Protection Agency (I974a).

During the 1950's and early 1960*$ it was observed that one of the most serious
consequences of kind disposal of sewage by way of septic systems was contamina-
tion of groundwater by alkyl benzene sulfonate (ABS), which was a major com-
ponent of household detergents. ABS is relatively nonbiodegradable and exists
in water in anionic form. In the 1960's, numerous cases of shallow contamination
of sand and gravel aquifers were reported. The problem was most acute in areas
where septic systems were draining into unconfined aquifers in which there were
numerous shallow water supply wells. Case histories of this type of problem in
Long Island and in Southern California are described by Perlmutter et al. (1964)
and Klein (1964).

In the mid-1960's the detergent industry replaced ABS with linear alykl
sulfonate (LAS), a compound that is readily biodegradable in aerobic environ-
ments. Cases of LAS and ABS contamination of wells have been a rare occurrence
since LAS gained widespread use, a somewhat surprising situation considering
that many septic systems drain into anaerobic groundwater environments where
the effects of biodegradation are probably minimal. LAS may undergo considerable
retardation as a result of adsorption.

Effluent from septic systems includes many other types of contaminants.
One of the most frequently reported of these contaminants in groundwater is
nitrate. As indicated in Section 9.3, nitrate commonly does not undergo complete
biochemical reduction to Nx even if the groundwater system is anaerobic. Nitrate
emanating from septic systems into groundwater is transported along the ground-
water flow paths. A detailed case history of the migration of nitrate and other
contaminants in groundwater as a result of discharge from septic systems was
presented by Childs et al. (1974).

In some areas the primary concern with regard to contaminant migration
from septic systems is surface-water quality rather than groundwater quality.
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This is particularly the case in areas of recreational lakes where cottages and
tourist facilities use septic systems located near lakes. Transport of nitrogen and
phosphorus through the groundwater zone into lakes can cause lake eutrophication
manifested by accelerated growth of algae and decrease in water clarity. Some
examples of hydrogeologic investigations in recreational lake environments are
described by Dudley and Stephenson (1973) and Lee (1976).

Another concern associated with the disposal of treated or untreated sewage
on or below the land surface revolves around the question of how far and how
fast pathogenic bacteria and viruses can move in subsurface flow systems. This
problem is also crucial in the development of municipal water supplies by extrac-
tion of water from wells located adjacent to polluted rivers. The literature is replete
with investigations of movement of bacteria through soils or granular geological
materials. As bacteria are transported by water flowing through porous media,
they are removed by straining (filtering), die-off, and adsorption. The migration
of die bacterial front is greatly retarded relative to the velocity of the flowing water.
Although bacteria can live in an adsorbed state or in clusters that dog parts of the
porous medium, their lives are generally short compared to groundwater flow
velocities. In medium-grained sand or finer materials, pathogenic and coliform
organisms generally do not penetrate more than several meters (Krone et al.,
1958). Field studies have shown, however, that in heterogeneous aquifers of sand
or gravel, sewage-derived bacteria can be transported tens or hundreds of meters
along the groundwater flow paths (Krone et al., 1957; Wesner and Baier, 1970).

Viruses are very small organic particles (0.07-0.7 fan in diameter) that have
surface charge. There is considerable evidence from laboratory investigations
indicating that viruses are relatively immobile in granular geological materials
(Drewry and Eliassen, 1968; Robeck, 1969; Gerba et al., 1975; Lance et al., 1977).
Adsorption is a more important retardation mechanism than filtering in highly
permeable granular deposits. Problems associated with sampling and identification
of viruses in groundwater systems have restricted the understanding of virus behav-
ior under field conditions. Advances in sampling technology (Wallis et al., 1972;
Sweet and Ellendcr, 1972) may lead to a greatly improved understanding of virus
behavior in aquifers recharged with sewage effluent

Although there is considerable evidence indicating that bacteria and viruses
from sewage have small penetration distances when transported by groundwater
through granular geologic materials, similar generalizations cannot be made for
transport in fractured rock. It is known that these microorganisms can live for
many days or even months below the water table. In fractured rocks, where ground-
water velocities can be high, this is sufficient time to produce transport distances
of many kilometers.

As man relies more heavily on land application as a means of disposal for
municipal sewage effluent and sludge, perhaps the greatest concern with regard
to groundwater contamination will be the mobility of dissolved organic matter.
Sewage effluent contains many hundreds of dissolved organic compounds, of
which very little is known about their toxicity and mobility. Some of these com-

I ̂
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pounds may eventually be shown to be more significant in terms of degradation
of groundwater quality than nitrate, trace metals, bacteria, or viruses.

_J
Agricultural Activities

Of all the activities of man that influence the quality of groundwater, agriculture i
is probably the most important. Among the main agricultural activities that can-J
cause degradation of groundwater quality are the usage of fertilizers and pesticides
and the storage or disposal of livestock or fowl wastes on land. The most wide- :
spread effects result from the use of fertilizer. In industrialized countries most ^j
fertilizer is manufactured chemically. This type of fertilizer is known as inorganic
fertilizer. In less developed countries, animal or human wastes are widely used
as organic fertilizer.

Fertilizers are categorized with respect to their content of nitrogen (N), ""*
phosphorus (P), and potassium (K). These are the three main nutrients required
by crops. The annual application rates of fertilizers vary greatly from region to '
region and from crop to crop. Nitrogen applications, (expressed as N), generally —*
vary from about 100 to 500 kg/ha-yr. Because fertilizer is used year after year,
it is to be expected that in many areas some of the N, P, or K is carried by infil-
trattng water downward to the water table, where it can migrate in the groundwater _
flow regime. For reasons explained in Section 9.3, nitrogen in the form of NO; is
generally much more mobile in subsurface flow systems than dissolved species of
phosphorus. Cation exchange causes K* to have low mobility in most nonfractured
geologic materials. ~

Of the three main nutrients in fertilizer, N in the form of NO; is the one that
most commonly causes contamination of groundwater beneath agricultural lands.
High NO; concentrations have been delineated in extensive areas in many parts of
the world, including Israel (Saliternik, 1972), England (Foster and Crease, 1972),
Germany (Groba and Hahn, 1972), California (Calif. Bureau Sanitary Eng., 1963;
Nightingale, 1970; Ayers and Branson, 1973), Nebraska (Spalding et al., 1978),
southern Ontario, and southern Alberta. Many wells in these areas have NO;
concentrations that exceed the recommended limit for drinking water. In areas
where NO; contamination is areally extensive, fertilizer rather than animal wastes
from feedlots or lagoons or septic field seepage is usually identified as the primary
nitrogen source. Nitrate is the principal dissolved nitrogen component, with ammo-
nium and organic nitrogen present in much lower concentrations. Although in
many aquifers that are contaminated by NO;, the concentrations are below the
limits recommended for drinking water, it is disturbing to note that gradual
increases in NO; have been observed. The widespread use of inorganic fertilizers
began after World War II. The major impact on groundwater quality resulting
from this change in agricultural practice is probably not yet fully developed. Nitrate
contamination is rarely reported at depths of more than about 10-100 m below the
water table. As time goes on, however, NO; contamination may extend to greater
depth in areas where there are significant downward flow components. For exam-
ple, NO; in deep wells in California, ranging in depth from 240 to 400 m below
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ground surface, increased from approximately 1 mg/l in 1950 to 10-17 mg/l in
1962 (Broadbcnt, 1971). The extent to which denitrification occurs as water moves
along regional flow paths is a major uncertainty inherent in predictions of long-
term NO; increases in aquifers.

In England, NO; contamination of a large regional carbonate-rock aquifer
is widespread. Analysis of the occurrence and movement of NO; in this aquifer
is complicated by the fact that NO; is carried in groundwater flowing in a network
of joints and solution channels, while some of the NO; is lost from the active
flow regime as a result of diffusion into the porous matrix of the limestone (Young
et al., 1977). If at some time in the future the NO; concentration in the flow net-
work declines, NO; will diffuse from the matrix back into the flow regime.

Although extensive NO; contamination of shallow groundwater can often
be attributed to leaching of fertilizer, NO; in shallow groundwater in large areas
in southern Alberta (Grisak, 1975), southern Saskatchewan, Montana (Custer,
1976), and Texas (Kreitler and Jones, 1975) is not caused by fertilizer use. In these
areas it appears that most of the NO; is derived by oxidation and leaching of natu-
ral organic nitrogen in the soil. The greater abundance and deeper penetration of
oxygen into the soil has occurred as a result of cultivation. In some areas the
initial turning of the sod as settlers moved on the land was probably a major factor.
In other areas continual deep cultivation during the modem era of farming has been
a major influence.

In many agricultural areas shallow groundwater has become contaminated
locally as a result of leaching of NO; from livestock and fowl wastes. The conver-
sion of organic nitrogen in these wastes to NO; takes place through biochemical
processes. Relatively small source areas such as farm manure piles, fowl-waste
lagoons, and feedlots contribute NO; to groundwater, but if these contaminant
sources are not directly underlain by aquifers, the contamination is rarely very
significant. Specific cases of groundwater contamination from animal wastes are
reported by Hedlin (1972) and by Gillham and Webber (1969). In agricultural
areas contamination of shallow wells by NO; and other consituents commonly
occurs because of faulty well construction. If wells are not properly sealed by grout
or clay along the well bore above the screen, contaminated runoff can easily make
its way to the aquifer zone near the well screen.

Concurrent with the widespread increase in the use of chemical fertilizers
since World War II has been the rapid development and use of a multitude of
organic pesticides and herbicides. In a report on groundwater pollution in the
southwestern United States, Fuhriman and Barton (1971) concluded that pollution
by pesticides must be listed as an important potential hazard. However, they
obtained no direct evidence indicating significant pesticide contamination of
groundwater. Kaufman (1974), in a review of the status of groundwater contamina-
tion in the United States, indicates that this conclusion appears to characterize
today's situation—that of a potential but as-yet-unrealized problem. Based on
a literature review and field studies in Kent, England, Croll (1972) arrived at a
similar conclusion. It is well known from laboratory experiments that many
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Geography
LOCATION: Houston, seat
of Harris County, Texas, is
located on the upper Gulf
Coast prairies at 95*22'
West and 29"46' North, 50
miles from the Gulf of Mexico. Official al-
titude of the Gly of Houston is 49'; Harris
County ranges from sea level to 310'.

AREA: The Houston-Golveston-Brozoria
Consolidated Metropolitan Statistical Area
(CMSA) consists of three Primary Metro-
politan Statistical Areas (PMSAs): the
Houston PMSA (Fort Bend, Harris, Liberty,
Montgomery, and Waller Counties), the
Galveston-Texas City PMSA (Galveston
County), and the Brazoria PMSA (Brazoria
County). For convenience, the longer titles
are shortened to "Houston CMSA" and
"Galveston PMSA" in Houston Facts.

CuK «f Hnico

Houston-Galveston-Brazoria CMSA

Houston CMSA
Houston PMSA
Harris County
City of Houston

Brazoria PMSA
Galveston PMSA

7,42238 sq.mi.
5,435.48 sq.mi.
1,776.81 sqjni.

581.44 sq.mi.
1,486.80 sq.mi.

500.10 sqjni.

The City of Houston lies in three counties:
Harris (567.31 sq.mi.), Fort Bend (12.06
sq.mi.), and Montgomery (2.07 sq.mi.).
Harris County contains part or an of 32
incorporated areas.

Under Texas' Municipal Annexation Act
of 1963, cities have certain powers over sur-
rounding unincorporated areas, termed the
Extraterritorial Jurisdiction. ETJ is a func-
tion of population; for cities over 100,000, it
can cover all unincorporated area within five
miles of any point on the city limits. Hous-
ton's ETJ contains about l,800sq.mL
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Weather
TEMPERATURE: Houston averages 21.8
dates per year with low temperatures of
32*F or less and 93.9 da tes with high temper-
atures of 90°For more; temperatures rarely
reach 100*F. Houston's growing season av-
erages 300 days; the normal frostfree period
extends from Feb. 14 to Dec. 11. Normal
daily maximum: winter 67*F, summer 92*F,
spring and autumn 79°F. Normal daily min-
imum: winter 45*F, summer 71*F, spring
andaulumn57*F.Jfccanfazremer 108*Fin
1909,5*F in 1930.
Based on departure from 65*F, Houston

averages 1,549 heating degree days and
2,761 cooling degree days per year.

PRECIPITATION: Annual average:
44.76*. Thunderstorms occur, on average,
62 dates per year. Record monthly extremes:
16.28'inJun. 1989,0.05'in Oct. 197a High-
est daily total: 10.80' in Nov. 1943. Houston
has had 13 measurable snowfalls since 1939.

Annual average relative humidity: mid-
night 86%, 6 a.m. 90%, noon 59%, 6 p.m.
65%.

SUNSHINE: Houston averages 56% of
possible sunshine annually, ranging from
43% in January to 66% in July.

WEATHER DATA 1990»

Jan
Feb
Mar
Apr
May
Jon
Jul
Aug
Sep
Oct
Nov
Dec
Year

Average
Temp-
erature

•F
57.0
59.1
62.9
69.4
78.1
84.8
82.1
«5.1
80.1
68.7
63.4
53.6
70.4

DlfT.
from

Normal
V
5.6
4.6
1.9
0.7
3.2
42

-1.0
2.5
1.7

•1.0
33

-0.4
ZI

ToUI
Precip*
llalloo

In.
3.96
4.54
5.11
6.21
Z23
Z98
4.85
031
1.57
3.79
3.01
1.81

40.37

Dirt
from

Normal
In.
0.75
1.29
2.43
1.97

-2.46
-1.0S
1.52

-335
-336
0.12

4)37
-1.85
•4.39
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S«gnent 110? ef th« San Jacinto-traiot Co»»t»t tasin f l . - » (

NAME: Clear Creek Above Tidal

DESCRIPTION: from a point 100 Meters (110 yards) upstream of FN 528 in Calveston/Harris County to Rouen Road In Fort
tend County

SEGMENT CLASSIFICATION: Water Quality Limited

LENGTH: U Biles (71 kilometers)

DESIGNATED WATER USES: Contact Recreation
Nigh Quality Aquatic Habitat

MONITORING STATIONS: 1102.0100, 1102.0200

INTENSIVE SURVEYS: 16 Sep 1976 Q,X,D,F,C,S,P,I.B 1KS-62 (Shaw: Sep 1977)
10 -Sep 1979 Q,X,D,R.f,C.B IS-S (Klrkpatrick: Jan 1980)

PERMITTED FACILITIES (FINAL):

Domestic 23 outfalls 3035 MGD
Industrial e outfalls 0.09 MGD
Total 31 outfalls 30.U MGD

KNOWN WATER PROBLEMS/WATER QUALITY STANDARD COMPARISON:

Dissolved oxygen levels are occasionally below 5.0 ng/L. This segment does not neet swinmable criteria due to frequently
elevated levels of fecal colifona bacteria.

POTENTIAL WATER QUALITY PROBLEMS:

Supersaturated dissolved oxygen levels occur occasionally, and chlorides, total dissolved solids and fecal conforms are
rarely elevated. Inorganic nitrogen 1s frequently elevated, and total and orthophosphorus levels are persistently
elevated.

RELATIVE SIGNIFICANCE OF POINT AND RONPOINT SOURCE POLLUTANTS:

Point source waste loads Measurably affect water quality In this segment.

CONTROL PROGRAMS:

A. Existing: The Clear Lake Rule 31 (TAC Sections 333.1-333 J), adopted in March, 1981, imposes a treatment level
(30-day average) of 5 «g/L BCOs, 12 ngA TSS, and 2 «g/L NKj-M on all domestic sewage treatment plant dis-
charges. Comparable effluent limitations are also required for Industrial discharges. —

I. Programs still to be implemented: None in the Imediate future.

FACTORS NEEDING CLARIFICATION WITH RESPECT TO CAUSE/EFFECT RELATIONSHIPS:

Hone at this time.

KNOWN RELATIONSHIPS TO OTHER ENVIRONMENTAL PROBLEMS:

Affects water quality of Clear Creek tidal (Segment 1101) and Clear Lake (Segment 2425).

tdt^qtuuzr
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Segnent 1101 of the Sao Jacinto-Brazo» Coastal Basin

NAHE: Clear Creek Tidal >

DESCRIPTION: from th« confluence with Clear Lake in Galveston/Harris County to a point 100 meters (110 yards) upstream _j
of FN 528 in Calveston/KarHs County

SEGMENT CLASSIFICATION: Water Quality Lf lifted

LENGTH: 14 miles (22 kilometers)

DESIGNATED WATER USES: Contact Recreation
High Quality Aquatic Habitat

MONITORING STATIONS: 1101.0050. 1101.0100. 1101.0150

INTENSIVE SURVEYS: 16 Sep 1976 Q.X.D.F,C,S.P,I.8 IMS-62 (Shaw: Sep 1977) j
10 Sep 1979 O.X.D.R.F.C.B IS-5 (Kirkpatrick: Jan 1980) J

PERMITTED FACILITIES (FINAL):

Domestic 9 outfalls 18.23 MGD
Industrial 0 outfalls 0.00 MGD
Total 9 outfalls 18.23 MGO

KNOWN WATER QUALITY PROBLEMS/WATER QUALITY STANDARD COMPARISON:

Dissolved oxygen levels are occasionally below 4.0 mg/L. This segment does not meet swimmable criteria due to elevated
fecal col i form bacteria in half the samples.

POTENTIAL WATER QUALITY PROBLEMS:

Total and orthophosphorus levels are persistently elevated, and inorganic nitrogen is frequently elevated. Chlorophyll a
is periodically elevated.

RELATIVE SIGNIFICANCE OF POINT AND NONPOINT SOURCE POLLUTANTS:

Point source discharges measurably affect water quality in this segnent.

CONTROL PROGRAMS:

A. Existing: The Clear Lake Rule (31 TAC Sections 333.1-333.3), adopted in March, 1981, imposes a treatment level
(30-day average) of 5 mg/L BCOs, 12 wg/L TSS. and 2 mg/L NHj-N on all domestic sewage treatment plant dis-
charges. Comparable effluent limitations are also required for industrial discharges. —

B. Programs to be implemented: None in the immediate future.

FACTORS NEEDING CLARIFICATION WITH RESPECT TO CAUSE/EFFECT RELATIONSHIPS:

None at this time.

KNOWN RELATIONSHIPS TO OTHER ENVIRONMENTAL PROBLEMS:

Affects water quality of Clear Lake (Segment 2425).

J

J

J

J:
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WATER QUALITY STATUS:

THE FOLLOWING TABLE ILLUSTRATES THE LAST FOUR YEARS (OCT. 1; 1985 THRU SEPT. 30, 1989) OF WATER QUALITY INFORMATION FOR
SEGMENT 1101.

PARAMETER

DISSOLVED OXYGEN (MG/L)

TEMPERATURE (F)

PH

CHLORIDE (MG/L)

SULFATE (MG/L)

CRITERIA

4.0

95.0

6.5-9.0

N/A

N/A

TOTAL DISSOLVED SOLIDS (NG/L) N/A

FECAL COLIFORMS (*/100 ML) 200

NUMBER
SAMPLES

30

30

24

29

27

24

26

MINIMUM

1

S5.4

7.2

108

31

405

10

MAXIMUM

12.0

90.fi

8.7

12200

1320

15425

13000

MEAN

6.8

72.S

7.9

2344

276

4318

244

NUMBER OF
VALUES
OUTSIDE
CRITERIA

4

0

0

0

0

0

13

MEAN
VALUES
OUTSIDE
CRITERIA

3.3

0

0

0

0

0

887

TOTAL DISSOLVED SOLIDS MERE ESTIMATED BY MULTIPLYING SPECIFIC CONDUCTANCE BY .50
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Segment 2425 of the lavs and EstuaHey

NAME: Clear Lake

DESCRIPTION:

SEGMENT CLASSIFICATION: Water Quality Limited

SURFACE AREA: 2.0 square «iles (5.2 square kilometers)

DESIGNATED WATER USES: Contact Recreation
High Quality Aquatic Habitat

MONITORING STATIONS: 2425.0100, 2425.0120, 2425.0140. 2425.0200

INTENSIVE SURVEYS: 19 Fefa 1980 F,C,A,Q,L (Xirkpatrick: unpublished)

PERMITTED FACILITIES (FINAL):

Domestic 3 outfalls 0.37 MGD
Industrial 11 outfalls 0.05 MGD
Total 14 outfalls 0.94 MGD

KNOWN WATER QUALITY PROBLEMS/WATER QUALITY STANDARD COMPARISON:

This segment has exhibited eutrophicatton-related problems; supersaturated dissolved oxygen levels occur occasional!

POTENTIAL WATER QUALITY PROBLEMS:

Dissolved oxygen was depressed on one occasion. Total and orthophosphoru* levels are persistently elevated
col i form bacteria exceed 200/100 mL Cn about one quarter of the samples. Inorganic nitrogen and chlorcchvll * «<•'»
ically elevated. * are

RELATIVE SIGNIFICANCE OF POINT AND HONPOIHT SOURCE POLLUTANTS:

Point and nonpoint source loads to the segment significantly affect water quality.

CONTROL PROGRAMS:

A. Existing: The Clear Laka Rula imposes a treatment level (30-day average) of 5 mg/L 8005, 12 nj/t T$s
mg/L NHj-N on all domestic sewage treatment plant discharges. Comparable effluent limitations are alca r
for industrial discharges. «*»_c

B. Programs still to be implemented: None in the immediate future.

FACTORS HEEDING CLARIFICATION WITH RESPECT TO CAUSE/EFFECT RELATIONSHIPS:

Hone at this time.

KNOWN RELATIONSHIPS TO OTHER ENVIRONMENTAL PROBLEMS:

None.
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'J— WATER QUALITY STATUS:

THE FOLLOWING TABLE ILLUSTRATES THE LAST FOUR YEARS (CO. 1. 1985 THRU SEPT. 30. 1989) OF WATER QUALITY INFORMATION FOR
> SEGMENT 2425.

PARAMETER CRITERIA

DISSOLVED OXYGEN (MG/L)

TEMPERATURE (F)

PH 6

CHLORIDE (MG/L)

SULFATE (MG/L)

TOTAL DISSOLVED SOLIDS (MG/L)

FECAL COLI FORMS (f/100 ML)

4.0

95.0

.5-9.0

N/A

N/A

M/A

200

NUMBER
SAMPLES

52

56

52

56

47

40

48

MINIMUM

1.5

55.4

7.4

1704

150

4585

5

MAXIMUM

17.7

89.7

8.8

16600

1700

15725

2700

MEAN

8.4

71.4

8.2

7171

629

10271

S3

NUMBER OF
VALUES
OUTSIDE
CRITERIA

1

0

0

0

0

0

12

MEAN
VALUES
OUTSIDE
CRITERIA

1.5

0

0

0

0

0

833

TOTAL DISSOLVED SOLIDS MERE ESTIMATED BY MULTIPLYING SPECIFIC CONDUCTANCE BY .50
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Not Fishabla
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Surface Water and Air Pathways
Sensitive Environments

U.S. Environmental Protection Agency Hazard Ranking System criteria for evaluating water and air exposure
1 pathways:

Critical habitat for federally designated endangered or threatened species
- Marine sanctuary

'• National park
'—' Designated federal wilderness area

Ecologically important areas identified under the Coastal Zone Wilderness Act
Sensitive areas identified under the National Estuary Program or Near Coastal Water Program of the Clean

^ AirAct
*"" National monument

National seashore recreation area
• National lakeshore recreation area
y,̂

Habitat known to be used by federally designated or proposed threatened or endangered species
National preserve

1 National or state wildlife refuge
L- Unit of coastal barrier resources system

Federal land designated for protection of natural ecosystems
Administratively proposed federal wilderness area

j Spawning areas critical for the maintenance of fish/shellfish species within a river system, bay, or estuary
i— Migratory pathways and feeding areas critical for the maintenance of anadromous fish species hi a river

system
Terrestrial areas utilized by large or dense aggregations of vertebrate animals (semiaquatic foragers) for

breeding
National river reach designated as recreational

Habitat known to be used by state-designated endangered or threatened species
Habitat known to be used by species under review for federally designated endangered or threatened status
Coastal barrier (partially developed
Federally designated scenic or wild river

State lands designed for wildlife or game management
State-designated scenic or wild river
State-designated natural areas
Particular areas, relatively small in size, important to maintenance of unique biotic communities

State-designated areas for the protection/maintenance of aquatic life under the Clean Water Act

Wetlands

316SO\AU332\WATERAIR



Soil Exposure Pathway
Terrestrial Sensitive Environment

U.S. Environmental Protection Agency Hazard Ranking System criteria for evaluating soil exposure pathways:

Terrestrial critical habitat for federally designated endangered or threatened species

National park

Designated federal wilderness area

National monument

Terrestrial habitat known to be used by federally designated or proposed threatened or endangered species
National preserve (terrestrial)

National or state terrestrial wildlife refuge

Federal land designated for protection of natural ecosystems
Administratively proposed federal wilderness area

Terrestrial areas utilized by large or dense aggregations of animals (vertebrate species) for breeding

Terrestrial habitat used by state-designated endangered or threatened species

Terrestrial habitat used by species under review for federally designated endangered or threatened status

State lands designed for wildlife or game management

State-designated natural areas

Particular areas, relatively small in size, important to maintenance of unique biotic communities

316SB\AU332\SOILPATH
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Table 1 Mobile Waste Controls Results of TWC Monitoring Well Sampling Program
December 11,1991

Wen ID

MW-1

MW-2

MW-5

MW-6

MW-8

MW-9

MW-10

COD

<5

TOC

5

a-

132

TSS

244

VSS

14

TDS

814

Cyanides

-

Phenols

-

NO2-N

-

NOs-N

-

Sample not taken.

350

134

60

157

531

129

6

25

57

192

782

58

*

553

73

134

<5

23

75

194

25

26

5

15

62

2,160

831

1̂ 70

1,760

2,400

<0.02

<0.02

<0.02

<0.02

23

<5

15

40

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

All measurements in milligrams per liter.

* Copy of analytical data sheet indecipherable.

E5\AUB3U\TflL.l



•Table 2
Mobile Waste Controls

Monitoring Well Sampling Results
December 11,1991

Dicem&tr 11,1991

MW-1

MW-2

MW-5

MW-6

MW-7

MW-6

MW-9

MW-90

MW-10

Ag Al Bl CO Cf Cu Hfl Mn NI Pb Si 2n Al CO V

ugfl.

..

<o.2

<0.2

<0.2

«0.2

<4.o

2100

ee

83

'*(., I"1: , }

290

SOO

1100

640

3.6

1.0

0.9

13.0

,

<S.O

«5.o

<s.o

26.0

8.6

<a.o

<6.0

<e,o

O.B6

<0.2

<0.2

<0.2

77.0

4000

2600

2400

<22.0

30.0

<22.0

122,0

5,20

<0.2

<0,2

230

;*•, '•• ,, ••*.;•

<4.0

<4.0

<4.0

<4.0

44.0

14.0

36.0

160,000

,,,..T>'>.....&.

660

190

310

690

<9.0

<9.0

<9.0

16.0

....?:.<....

<6.0

<«.o

11.0

57.0

Chlortd« COD

mg/L

116

470

667

51

,

60

160

320

60

CytrtO*

Uft/l

t.zJ.'.S..

<10

<10

<10

<10

pH

'•i*.':...'':.

6.M

6.60

6.62

6.93

Phtnol

ugrt.

&'L&.

<10

211

310

21

8uMd< T03 TOC VSS TSS

mg/l

•M '̂rt' 'V.5. ftrf. . .«£

<0.16

1.12

1.44

0.46

> \/ %
S...i^ f

770

1600

2360

790

;'..>... ff.:

2.2

49

105

19

;••

93

40

60

400

253

120

190

1700

Nol3impl.[I.IINiTlr™

<0.2

<0.2

<0.2

•CO!

9.7

$.2

4.4

16.0

610

240

220

560

3.0

1.1

0.9

3.6

<5.0

<5.0

<5.0

10.0

<6.0

<6.0

<«.o

51.0

<0.2

<0.2

<0.2

4.0

1500

570

540

990

<22.0

<22.0

<22.0

<22.0

2.6

5.5

2.6 '

7.2

<4.0

<4.0

<4.0

<4.0

41.0

31.0

23.0

110.0

220

2600

2600

1200

<9.0

<9.0

<9.0

<9.0

<6.0

9.4

9.6

10.0

220

90

«6

652

70

40

40

560

<10

<10

<10

<10

6.64

7.44

7.47

6.67

<10

<10

<10

404

<o.ie

<0.16

<0.16

4.96

1270

500

530

2310

19

1.6

1.3

211

<10

<10

100

60

30

280

900

160

I I I I I I I I I
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Table 3
Mobile Waste Controls

Concentrations of Volatile, Semi-Volatile and Organic Compounds In Water
December 11,1991

Oicimow 11,1991

MW-1

MW-2

MW-5

MW-90

MW-«

MW-?

MW-6

MW>9

MW-9D

MW-10

VolMIIII

•Client 1.1.2.2tlT§cHtro«»wv Morohrm fawuftt tebtnt chlerobimm HfftmM. lyimi (leuq

ug/l

v

14

11

2«

NA

20

10

NO

,.

11

:£*:'*£ ̂ '/

3'

NO

NO

NA

NO

NO

NO

NO

NO

* " ,*

NO

NO

, .

NA

NO

NO

NO

NO

NO

NO

7

11

12

NO

NO

NO

NO

14

, ; "" '"- ,
NO

NO'

t

t

NO

NO

NO

NO

NO

NO

19

16

16

e

NO

NO

NO

26

,;*- £','* t" f '"I,

NO

NO

37

34

NO

Ndl!

NO

NO

NO

95

NO

NO

16

11

NO

iKnpHdMMiTI

NO

NO

NO

26

stm-voMui

rupNhOint 4-cHereinlllni ill (2-itiytMxy) phnrttlit DtrYOlO KlQ •imiftMM*.N - M»«i odphinylimini

UO/L

^ •• / ;•.... ' ' ,

NO

»•

17

NO

NO

fa4

NO

NO

NO

13'

NO

140

B3

NO

. NO

NO

NO

NO

SW-

;':;̂ "̂ r̂ v^«D
NO

,.

«.

NO

10-

NO

V

NO

13'

NO

NO

NO

NO

1.-

NO

NO

NO

NO

^''^-^

NO

NO

NO

NO

NO

NO

NO

NO

..

" ••'•••

NO

NO

NO

NO

NO

NO

NO

NO

22

NA- NotAvillttUt
NO - NolD»ttet««
• - B«lowllil»dtni«clonlmll
•• - Compound (mount UK«n»em»l:10<«ulon

Orgvloi

Otc»mc»f 11.1991 1.4.5TP (W«)0 Dleamb* OlcNortprtp 0!no»«b

ugfl.

MW-10 0.16' 1.4

' - Btlownntv>dd»ue1onnm«



Table 4 Mobile Waste Controls Results of TWC Sampling Program

Sample
ID

Westwind Lake

WEST#1

WEST #2

Bass Lake

BASS#1

BASS #2

Windmill Lake

WIND#1

WIND #2

4th Lake

City of Houston
Sample ID

790

788/789

792

791

794

793

795

February 20, 1992

Results im(r/Ll
Location COD TOC Q-

Mid-lake; <5 7 21
east side of

island

Eastbank <5 5 21
near MW-2

East corner <5 3 19
along bank
nearMW-9

Mid lake; <5 3 19
north side

island

North of pier <5 5 13

North side of <5 4 13
island; mid-

lake

South bank 16 7 14
of 4th lake

J
)

J

J_j

J
i
i

J

J

j

j

J

J

E5\AU33211\TABLES



Sediment Sampling February 20, 1992

Sample
ID

788

789

790

791

792

793

794

795

Sample
Matrix

Water

Water

Water

Water

Water

Water

Water

Water

Volatile
Priority

Pollutants
Detection

limit 10 ppb

ND

ND

ND

ND

ND

ND

ND

ND

Semivolatik
Priority

Pollutants
Detection

Limit 10 ppb

ND

ND*

ND

ND

ND

ND

ND

ND

Fecal
Coliform

<200

400

<200

NA

NA

NA

NA

NA

ND « not detected

NA = not available

* Detection limit 20 ppb.

L

L
E5\AU33211\XABLES



Table 6 Mobile Waste Controls
Results of City of Houston Lake Sampling

February 20,1992

Sample
ID

788

790

791

792

793

794

795

Ag

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

As

<0.001

< 0.001

0.003

<0.001

<0.001

< 0.001

< 0.001

Ba Cd

<0.1 <0.01

<0.1 <0.01

<0.1 <0.01

<0.1 <0.01

0.27 <0.01

0.54 <0.01

<0.1 <0.01

Cr

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

Cu

<0.01

<0.01

0.05

<0.01

<0.01

<0.01

<0.01

Hg

<0.001

<0.001

<0.001

< 0.001

<0.001

<0.001

<0.001

Mn

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

Ni

<0.03

<0.03

<0.03

<0.03

<0.03

<0.03

<0.03

Pb

<0.04

<0.04

<0.04

<0.04

<0.04

<0.04

<0.04

Zn

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

Se

<0.002

<0.002

<0.002

<0.002

< 0.002

< 0.002

<0.002

All measurements in milligrams per liter.

ES\AU33211\TBU6
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Table 7
Mobile Waste Controls

Concentrations of Metals in Water Matrix
February 20,1992

Flbru«ry20, 1992

f

B.,,-2

Wind-t

W..I.1

W.ll-Z

8«H-1

wind- 2

4lh Ltko

Ag

*

<2.0

<2.0

<2.0

<2.0

<2.0

<*.0

<2.0

Al

"?'

270

M.O

62.0

111

301

•3.0

176

Al

;$*,"
<2.0

<8.0

<2.0

3.0

3.0

5.4

50

Ba

' s >

62

67.0

65.0

91.0

65.0

71.0

106

Bi

\

0.0

0.0

0.0

0.0

0.0

0.0

<1.«

Ct

V

13,719

16,146

16.090

29,693

13.624

1B.3M

33,«67

Cd

' " ,

O.O

O.O

<3.0

0.0

0.0

0.0

0.0

Co

T " '"**

<4.0

<4.0

<4.0

<4.0

<4.0

<4.0

<4.0

Cr

' ,'

<3.0

<3.0

<3.0

<3.0

•0.0

O.O

O.O

Cu

',s'

5.3

O.O

3.3

3.9

6.3

00

3.8

Fl

*'-:"C
149

W.O

93.0

MB

16B

(2.0

831

Hg

UPA
7 ""*'»«?

<0.2

<0.2

<0.2

<0.2

<0.2

<0.2

<0.2

K

x's'"*

t,m

2,314

2.903

3,037

1.611

1.616

2.531

Mg

^"''*,

2.7(1

4,»S

6.9M

6.622

t.W»

4.276

6,002

Mn

5.7

«.e

6.2

7.0

13

4.4

224

N*

X , '-'

49,385

22,630

23,690

25.071

81,669

22,667

26.963

NI

i

<M.O

<WO

<22.0

<W.O

<22.0

<22.0

<22.0

fB

|/1̂ -

«1.0

<1.0

«1.0

<1.0

<1.0

<1.0

3.7

8b

T/>
«».e

<30.0

00.0

<sa.o

<30.0

<30.0

oo.o

8.

IfFtV,

<2.0

<2.0

<2.0

<t.o

<2.0

<*.«

3.0

TI

I? *̂

3.2

<2.0

<2.0

<2.0

<2.0

<2.0

<2.0

V

"'* "'*"i

44.0

<4.0

<4.0

«4.0 -

<4.0

<4.0

44.0

Zn

i -']- ''
10.0

16.0

13.0

- 17.0

19.0

19.0

47.0

Ftcil Conform

Colon). 1/1 00 ml

'- ' *

401

<(

<,

27

<1
<,
<1

Concentrations of Metals in Sedment and Soil Matrix

Flbruiry 20. 1992

^

B«ll-2

wma-i

Wl»l-1

W.lt- 2

BMI-I

Wind-2

4in i<k«

ss-i

Ag

' 5

0.9

<0.«2

<0.76

«!.»

<0.62

<1.2

<O.M

<0.5»

Al

">1"-"'
„„ \A.'.

19.176

1.3«9

6.573

tt.m

1.117

11.159

14,851

12.561

Al

r*>
13.0

1.3

9.7

17.0

(.1

6.6

«.»

9.2

B«

"* S ^

"•'.^"'

M*

11.0

72.0

in

43.0

126

103

407

-

f ''S

<0.93

<0.31

<0.39

<0.67

<0.31

0.«4

<0.29

<0.27

-
* fffff

3.902

632

9,793

21,131

tot

3,173

1,612

30,*3«

Cd

V SA^/

%•• t ^

<260

0.93

<1 2

<2.0

<0.92

<1.6

«0.67

0.93

Co

. 4 ^ C

7.1

1.*

4.3

10.0

4.6

7.1

4.9

IS.O

O

f t ^

17.0

1.3

9.3

26.0

58

12.0

14.0

16.0

Cu

- ' *V*
st.o

4.3

19.0

37.0

4.0

9.7

7.0

16.0

Ft

-Hx?

15.447

2.034

9.216

19,749

5.676

11.050

14.658

24,657

Hg

mo/xe

Vr^P
<0.47

<0.16

<0.19

<0.34

<0.1S

<0.3

<0,15

<0.14

K

v '̂*.
1,642

ir»

I.MS

4.1S1

S41

i,ns

1.160

2,231

Mg

t>&L

2.4(3

2S7

1,»K

5.713

BIB

1,972

1,659

4.760

Mn

* t f

90.0

12.0

237

272

56.0

12B

32.0

327

Nl

•• >, s

S91

4B.O

139

270

147

193

299

46*

NI

<to.o

<e.e

6.9

24.0

<6.6

144

11.0

16.0

ft

•• ,,.*•*•
^..-rtS^'..^

M.O

4.)

16.0

32.0

6.3

20.0

9.3

11.0

86

':#J5
<M.O

<4.5

<12.0

<M.O

<9.2

<16.0

<1.7

<6.3

8.

".•S^'J^.

<t.B

<0.*I

<0.77

<(.!

<o.n

<0.59

<O.B8

<o.ss

TI

^i
M

0.62

«0,T7

<U

<O.B2

<1.2

<O.B6

<0.55

V

•. •. vv t
tt. .

32.0

S.B

16.0

41.0

14.0

24.0

26.0

86.0

In

* f

99.0

110

83.0

122

12.0

41.0

19.0

3«.0

M.m

'-

S.tftn.nl

S.dlm.nl

Stdimint

Si4im.nl

3tatn.n(

S.alm.nt

8tatn.nl

Sol



Table 8
Mobile Waste Controls

Concentrations of Volatile Organic Compounds in Water, Sediment and Soil Matrices
February 20,1992

MATRIX

February 20, 1992

„-

Bass-2(1)

Bass -2 (2)

Wind-1 (1)

Wind-1 (2)

West-1

Wasl-2 (1)

West -2 (2)

Bass-1 (1)

Bass-1 (2)

Wind-2

4th Lake (1)

4th Lake (2)

4th Lake- MS (1)

WATER

acetone

ug/L
f ^ /.wSw.' \f* f f f .

«?, V-:V

8*

NO

6

ND

6"

4*

ND

5*

ND

4*

9*

ND

ND

SEDIMENT AND SOIL I

methylene chloride acetone 2-butanone

mg/Kg

bis (2-ethylhexyl) phthalate 1,1 -Dichloroethene trichloroethene benzene toluene chlorobenzene

ug/Kg
f : rv~'f<7 , 'f •• , *$>,*'''• '! s •. •• s 'f/ *A ' 'itAStZ.,'!'.* 4.'! .f.'/ V- f ''A t -.-A' v

$*..*" .< :.? - ..*,.:<: \/:..:. .*„'•-< *x>*?3&> , ,, , ^s>^$f&? *''&X,W>..*
45

59

18

28

ND

17*

47

NA

ND

NO

9

19

27

160

250

33

61

ND

99

220

21

80

ND

ND

ND

ND

35'

50

NO

ND

ND

ND

34

ND

ND

ND

ND

ND

ND

ND

190

ND

ND

ND

ND

ND

ND

NO

NO

ND

NO

NO

ND

ND

ND

ND

NO

ND

ND

ND

ND

ND

NO

ND

98

NO

NO

ND

ND

NO

ND

ND

ND

ND

ND

NO

NO

83

ND

ND

ND

ND

ND

ND

NO

NO

ND

ND

ND

ND

90

NO

ND

ND

NO

ND

ND

ND

ND

ND

ND

NO

NO

82

NO

ND

ND

ND

NO

ND

ND

ND

ND

ND

ND

ND

91

MATHX

February 20, 1992

4th Lake-MS (2)

acetone

WATER

methylene chloride 2-butanone bis (2-ethylhexyl) phthalate 1.1 -Dichloroethene trichloroethene benzene toluene chlorobenzene

ug/L

•. ' > , ^ ^ s 'V" \, " t <•" "J. ' ' ~ *\ j <••£'** , *V
.' - •• '„* ^ *•> "J- ..iP^̂ X f- s /'

4' ND ND ND 53 44 S3 47 46

ND - Not Detected
* - Below listed detection limit

(1) Initial sampling analytical results
(2) re - analysis of same sample: dilution factors may change.
MS - Matrix spike

TWC1.WK3
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Table 9
Mobile Waste Controls

Concentrations of Semi-Volatile Organic Compounds in Water Matrix
February 20,1992

MATRIX

February 20, 1992

f

4th Like (MS)

4th Likt (MSO)

WATER

Itophorone phenol 2-chlofOphenol 1,4-dlchlofObenz«ne N- Nltrot odfcropyta mhe 1 ,2,4 -trlehlorabanttnt P-Chloro-M-Cretol Aeenaphthene 4-nltrophenol 2,4-dlnltrotolueM pentaehlorophtnol Pyfene

ug/L

: y'v#^ *'",* -- \*s- -^- w' '"-.; ;" ';'v*H -;>5*;
NO

NO

M

M

120

ISO

73

140

B4

110

73

170

''* - ';?%"' '

130

230

' ?'•.''
* ' '-^:

71

160

,c$i$f ff % *ff
180

160

wipf' ;';
81

210

''/ <',:-"/ '''*'t\'<

120

160

-

no

210

Mobile Waste Controls
Concentrations of Semi-Volatile Organic Compounds in Sediment and Soil Matrix

MATRIX

February 20, 1992

-

Wett-1

4th Lake (MS)

4th Lake (MSO)

SEDIMENT AND SOIL

liophoron* phtnol 2-chloroph*nol 1,4-dlchlorobeniirti N-Nltrotodt>ropylam|n« 1,2,4-trtehlorobtnltni P-ChlofO-M-CHiol Acenaphthene 4 ̂  AluOpn4 AOl 2,4-dlnRrOtolutm ptnt&ehlorophenol Pyrtnt

ug/Kg
AV\< - " ^ f V 5 < , •*•' , , - ' , " • • ' v ' ^ "~~>J ' sv? * i 'Mwf?-
, 's . s N ,-v, - -,f," , ^v \ s :, V , , ; * X"s <" ''" 'X „••"'"

100*

ND

NO

NO

1.700

1.800

NO

. 2.100

2,200

NO

1,100

1,200

ND

400'

440

ND

1,200

1,300

" * s * ""

i?' ' ' '*^s >.....'.

NO

2,200

2.500

" - •• <. \''"

ND

1.200

1,300

' > *"KTjP/f\:^A
NO

1,900*

2.400

^<n¥jf^'<f^.*..̂ >.î v . ' *

NO

1,900

1,800

i"''- ';>,?"", c<* ' " ^ ••

NO

ND

2SO'

,

NO

1,500

1,900

NO- NotOtt.cUd
• - Below lilted deletion limit

•• - Rt-*n*V«ltolMlm-vo!atllicompoundtnotiummo.'feedonthlttabl*
MS - M«lrl>iplk«
MSO - Matrix tplke duplicate
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